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PREFACE 


The HMCS400 Series is a CMOS 4-bit single-chip microcomputer which contains 
variety of on-chip resources such as CPU, ROM, RAM, serial interface, and 1/0. 

The HMCS400 Series, advanced product of the HMCS40 Series, realizes high-speed 
speed operation, high-level function and program-productive efficiency. In 
addition, it adopts the latest CMOS high break-down process and can drive 


fluorescent display tube directly. 


For additional information reference: 
eSection 2, HMCS400 Series Software Application Notes 
eSection 3, HMCS400 Series Hardware Application Notes 


















































1. 


2% 


as 


4. 


ore 


CONTENTS 


OVERVIEW” sespes eset ra os 6c Becca cbs aise ie aula th Scanner ese ww ate) oa e-aecdst woe erat hg Saar eer ee ater 1 
Uo TPQRUAY © So asa. gigi vasa fo se clay Siceise arse tus WRG Oh ws erotew saw cara Gta OES Vee! ode a bb We ce tw se aad be 1 
Le2-. BLOCK. DIACEAM: 3cie awe wx aire Gees anes WG OG LOMAS ESCO CROW HR Sale ene wee 3 
Led Pin DESCrige lon sy-tg4 wens doses eee eis Sewell Gee e ese ease ease ews baat 5 

INTERNAL -STRUCTURE. AND: LTS (OPERATION |. i cecesacd ssowt-oe soiteiey 5 wa Sievrainve wi wee acer wine Wacelarene 6 
2.1. “ROM Memory Map ..906%. oe Kd Gd tatoeweeaw ie Tere r ee eee odin anes Aeawmaes 
2.2 RAM Memory Map ............ ere e ee ee ee ere eee eS ee ee ee ere 
245° /REBESCETS: And WlASS: sedprinecank pte seal se bee OE Ma eR S Bee ew wie eas ae 14 
Zet- TOCCLEUDE, 044 seiko sie pte Ghee ates Ge wea g erncea Hae ewan ereureet 5 SE aree alee ew ee an 16 
Zao: “SOIL INECTI aCe: Waleed wh Gears sa bees ohare ohare he oa hee Re eS 22 
BeO. “SAMOE™ swx.6 aida o-ecse oes wa yie eon a eter hata hea Ai ahd Ga awe heen nae. & Ree aoa ee eee 27 
250 “IMPUL/OUL PUL cs vate Ga 4 oie See Ga aa Oe eA Oe eee eee en nana 31 
2.8 Reset itis dee ceed lout mesaaitaeenner ae eae ee ere Eee ee ee fee 36 
2<9.. Internal Oscillator Circuit ss ssew ese ses siev sees ieadates eeu yaw ee 37 
2.10 Low Power Dissipation Mode: a0 S.0harda ssc Scheie SECU NA KAS SGN ES a eces 40 

INSTRUCTION SYSTEM ......... LO eee Sree eee ee ee ee ee Cr er ee rae 2 ae es 44 
Se] RAM Addressind: Mode 2icss ance a eae bee soo eb eRe ae tied eee ae he Se eG BE eae 44 
3.2 ROM Addressing Mode and P Instruction .....eccecccccccccccccucceceeseces 44 
B25. “LWStLUCELON: SOU 6 kaise 4 SG oS oA ob he ae oie Oe A eee eet 48 
2h. Unstructi.on- Table: oc. Ssaiws Ci dcaw di eGbeceutone a2 see eeeeseteweess ee ree 53 

Ge Functional Table a fssswis cece aweowess seieieeas Peer ee ee eee 53 

3.4.2 Alphabetical Order Table ...........ccece, ee ee ee ee ee eee 56 

3.4.3 “Object Code Table: ssc vse seis ebay ones Pe er ee a ee re er Seater a 58 

PIN ARRANGEMENT AND PACKAGE DIMENSION ... ccc ccc ccc ce ce rete tte ect c eee eeee 60 
4.1 Pin Attar cement «ceases blue eaeseee teense ues ewes ob? aera ee 60 
4.2 Package Dimension 2... eceeeccsece sec csscecscnsescnsssecees Wareneteacans ise eee (OL 

ELECTRICAL CHARACTERISTICS ........eeceeee Teer er eer ee eee ee ee ere ee 63 
5.1 HMCS402/404/408 Absolute Maximum Ratings .....ccc cece cc ccc ccc ccccccccces 63 
5.2 HMCS402C Electrical Characteristics ...cicccsccccecvscsvccccccsceseces wee 64 
5.3 HMCS402CL Electrical Characteristics ..... ccc ccc cc cc ccc ccc cece neces wes JD 
5-4 HMCS402AC -Electrical Characteristics wccccrsccccccccsccccccnnsccsecseces 78 
5.5 HMCS404C Electrical Characteristics ........06. Siete aranera arene me ee ee 84 
5.6 HMCS4O04CL Electrical Characteristics ...... ee ee Te ee 
5-7 HMCS404AC Electrical Characteristics .....cceeeeees eee er eS eee ee ee ee 98 
5.8 HMCS408C Electrical Charact@risticS ... ccc cc creer er vcr cress cscevsesvece 104 











5.9 


5.10 
Sait 


5.12 
5.13 
5.14 
5.15 
5.16 
5.17 


ASS 
6.1 Symbols and Abbreviations .. cece veesecceseccrcencesnessnsesesssseseens 
G22 -IWStRUCTION: FOrhat Ss: iciya gu wae tae heeds sh ee Owe eT Owe Rw ae Os 
6.3. EReCution INSETUCELONS: aida sire eek wees oie ee eee awe aaa eee ae eee 
APPLICATIONS ,......... ehiae-owe sa te rer aChee AGRE oe RS Ba hard kde a re aes ‘ 
7.1 Example of Subroutine Program .............. re er ee ee es 
Veroery | RAM Clear” ....cceeces oth deipt saseade Mota tance et ea tac te ae eten whe Seen e eee eter eee eens 
7.1.2 RAM Data Transfer ........ PEPE eS Tee ee Cee Poe oe ee ee 
Palas. ~RAM Data EXCHnan Ge? os: kidcierw aShaws @ voeeaie aim ae Sees S ee ee er ee ee 
Pelee Decimal Addition .........c.ccec00- erie eee ee ee ee ee 
7.1.5 Decimal Subtraction .......... re eee ree waienbeged aus Fee sees ve 
7.1.6 INnCerrupt Service’ 46 22iG he Giaaean et ahee ok hee eae oe a eeew Oe Se | 
ae, Display Tube Dynamic Drive ...... ee ee eee ee ee ee ee eee — 
JekeO., “KeYDOaAd SCAN. tc oi creatsiw ts seu eee eens Cre eee 
7.1.9 Timer A Application Example ........ 2.06. i dae Ole Slate ee a Kavlarcooebauel e Gues 
7.1.10 Timer B Application Example ........ Ree ee ee re eee ee eee 
7.1.11 Serial Interface Application Example ........... MR Sig ea a ak Re ess aa 
7.2 ALU (Arithmetic Logic Unit) and Decimal Adjust Instruction ............ 7 
7.3 Application of Logical Operation ...........05 euwees ere ee ee 
7.4 Checking Operation Frequency ....... Gta Seg BR ee WM ares MR eR ee eee ee 


7.5 
7.6 
7.7 
7.8 
7.9 


7.10 
7.11 
7.12 
7.13 


HMCS408CL Electrical Characteristics .....ceceeee Ce ee Ee Le er eet eee 


HMCS408AC Electrical Characteristics ....... ccc cece ecw w ees ees SESS 
HMCS412/414 Absolute Maximum Ratings ..... ye ee re esse eens Goat asar ia 
HMCS412C Electrical Characteristics ........ er ee eke ee smart eee Ee ere 
HMCS412CL Electrical CharacterisSticS cece sesseceeveeevcnccces ee a a 
HMCS412AC Electrical CharacteristicS .....eeeeecscveas ee ee exe ee re 
HMCS414C Electrical Characteristics ......... Su aee saer aa ae a gion eee ee 
HMCS414CL Electrical Characteristics ...... enaoeeanees saksee mae ease 


HMCS414AC Electrical Characteristics ..eceecescec cece ees e seer eeereeenes 


EMBLY LANGUAGE .....e.eceee. ga eotited a tea ects teen aan oe eT ee rere 


Watchdog Timer-System burst preventing Circuit ......eeeeeceseeenenenes 


Auto Reset Circuit .........226. so sparta oie ee eee ee ee ee 
Manual. Keset -CLIvecult: <: s0:s0 esa Go Nis Se weet wars Nei, ie aaah cede wean ae 
Serial Data Transfer between HMCS402/404/408 and Other MPUs ......... s 
Reversing a String of Transmit/Receive Data in a Serial Interface 

(LSB-MSB) ....... ae en rere ee Seca Biceeecl este 
Expansion of Input Ports ...... re ee ae wacan Ce re ee ner re 
A/D Conversion Circuit (I) ... High speed version .........00. wee eeees 


A/D Conversion Circuit (II) ... Low Speed “VeErSion vis liieeviceeedeeewes 


Fluorescent Display Tube Drive Application yee eee ee er. 


125 
130 
133 
136 


141 
141 
141 
147 


247 
247 
248 
249 
250 
251 
252 
253 
254 


259 


260 


(264 


267 
270 
272 
273 
274 


(275 
277 
278 


7.14 Fluorescent Display Tube Drive Application (II) ..... ere ieee aeeeeeaceee 


Oe. “USER: NOTES ‘ios Seda teed Ao Bete ak Gos Soe lete Gd Ne aie Bigs tardies ope eae saeeta aie Gebietes 209. 
‘8.1 Precautions on Using W Register .......... eee atarelene casare Lee ee ee ee 299 
8.2 Precautions on the Contents of RAM and Register after Reset ........ “ieee 300 
8.3. ‘Notes..on Unwsed- Pins ° adsadiwse oe ecale a eates Sos Ss ew ee ee aw es. aaererae ee: SO) 
8.4 Notes on Board Design of on Oscillation Circuit .... ccc ccc r eee cee rnncees 302 


8.5 Automatic Paging Facility of Cross Assembler for the HMCS400 Series .... 303 
8.6 Precautions for Port Mode Register (PMR) Setting .......cececeecsvees eee 305 


9. Difference between EPROM in-package type, EPROM on-package type and 
Mask ROM type ...ccecsessecs Sere Tere ee ee Terre ee ee ee a ee ails -+ 307 





10. EPROM IN PACKAGE TYPE SINGLE CHIP MICROCOMPUTER HD4074008 


(Under Development) -siceiead brates buted oe ithe whee wae ee ake ae ea Bees 309 
A Ocedes HOWELL CW 1-25: '5,.Srce aire oc eur ar eicahe sozar ou Gt eves aralie ehsale wi mies aes Owe Gi en ae AL Sean wale sie Oe. Wie 309 
10.2 ROM Memory Map -60:s:csi0ssweswissees eee er Te eee COC ee ee ee ee ee ee 315 
10.3 RAM Memory Map- ccs ea vesiewewes vce Pee eee ee eS re oe eae ee re 316 
10.4 Absolute Maximum Ratings .......... eee See ee eT ee ee ee Seema TO 
LO.5: HDS074008 Electric Characteristics: ..ies dedi sere eee ed. ce aw ee higg.e eee 320 
10.6 Programming the On-chip Programmble ROM ..........ececececceee ee ee 394 


10.7. ZTAT MCU On-chip PROM Characteristics and Precautions for Applications 379 


11. EPROM ON PACKAGE TYPE SINGLE CHIP MICROCOMPUTER HD614P080S/HD614P0160S ... 333 


‘11.1 Overview ......... Ces eee eee aeaes er ee ee en eee er ee 333 
Laz: ROM? Memory-Map. 4 si6 owen oO Niele ate Cad tS ee hoe See eww ee Ole eas CEW 
Lio KAM Memory-Map: t:6-0 5 sido Somer wipe avid oo ssi a ete gg esta ote ose hee Se oe 6 Rw Gn wo ate eee 337 
11.4 Precautions on Using EPROM on-Package Type Microcomputer ........... oes 34] 
11.5 Absolute Maximum Ratings .......... ee ee ere rer ere Te Treo ree ee . 341 
11.6 HD614P080S/HD614P0160S Electrical Characteristics ....... Ce er eee ee 


12. EPROM ON PACKAGE TYPE MICROCOMPUTER HD614P180/HD4OP4181 ........ccccecceee 348 


12.1 Overview Seatac ee acs sls sical Breit Java chesce ican ioe a AUR aaNet Deh a are eee tO 


12.2. ‘ROM Memory Map 24.6244 0s%awse ced ees ee eer ee ee or ee ee Laweweee oe 
12.3 RAM Memory Map ......eeeeeee Cardi dae hsp avid bens Sears er eee re Mic heutwes ead discos 
12.4 Precautions on Using EPROM on-Package Type Microcomputer ...... errr rare o) 
12.5 Absolute Maximum Ratings ........cseecevcece (Web NGe vie te ease as eNews, 904 
12.6 HD614P180 Electrical CharacteristicS ...ceccsseccccccvccscecseceeeeess » 358 
12.7 HD40P4181 Electrical Characteristics ...csscccescsccvsveseee Maka saweslecos 





13. PROGRAM DEVELOPMENT PROCEDURE AND SUPPORT SYSTEM ......+... 


13.1 
13.2 
13.3 
13.4 


Overview @ee0a0545oeeoe eee8tnee#ee#eee8 ees 6 eoee#see#e?# @ eoeeeee#s8eeee 


Development SYSTEM we ceceese rere Wes eg meee rare 


Emulator eoeeenee eevee ee ee ere ee ee 


- 366 


366 


369 


373 
384 


Symbols and Abbreviations 


PC 
SP 
L/E 
IFO 
IF1 
IFTA 
IFTB 
IFS 
IMO 
IM1 
IMTA 
IMTB 
IMS 


PMR 
SMR 


TCA 
TCBL 
TCBU 
TLRL 
TLRU 
SRL 
SRU 
ST 
CA 


SPX 


SPY 


MR 


ROM 


Program Counter 

Stack Pointer 
Interrupt Enable Flag 
INTO Interrupt Flag 
INT1 Interrupt Flag 
Timer A Interrupt Flag 
Timer B Interrupt Flag 
Serial Interface Interrupt Flag 
INTO Interrupt Mask 
INT1 Interrupt Mask 
Timer A Interrupt Mask 
Timer B Interrupt Mask 


Serial Interface Interrupt Mask 


Port Mode Register 

Serial Mode Register 

Timer Mode Register A 

Timer Mode Register B 

Timer Counter. A 

Timer Counter B Lower Digits 
Timer Counter B Upper Digits 
Timer Load Register Lower Digits 
Timer Load Register Upper Digits 
Serial Data Register Lower Digits 
Serial Data Register Upper Digits 
Status 

Carry 

Accumulator 

B Register 

W Register 

X Register 

SPX Register 

Y Register 

SPY Register 

Memory (RAM) 

Memory Register 

Random Access Memory 

Read Only Memory 

Data I/O Pin or Data I/0 Register 


Discrete I/O Pin or Discrete Latch 





Ts 


] 


OVERVIEW 


.| Features 


The new CMOS 4-bit microcomputer HMCS400 series satisfies the microcomputer 
system which needs a large program capacity and high-level functions to meet 
advanced applications. The HMCS400 series offers high software-productive 
architecture, enhanced peripheral functions, high speed instruction execution, 
and support tools. It also has the characteristics of low power dissipation 
with CMOS process, and it is applicable to the product which needs low power 


dissipation as portable machine. 


o Process : CMOS 


-o Architecture is compatible with the HMCS40 series for easy replacement. 


o One cycle per instruction execution utilizing 10 bits per instruction 
o Powerful ROM and RAM addressing capability 
o 16 nesting levels 


o Reinforced instruction system including logic arithmetic 


operating instruction, BCD arithmetic operating instruction, and pattern 
generating instruction 
o Reinforced interrupt function ; Five interrupt levels (External : 2, Timer/ 
Counter : 2, Serial Interface : 1) 
o 8-bit serial interface 
o Two timer/counters 
o 8=-bit free running timer 
o 8=-bit autoreload timer/event counter 
o 58 1/0 lines (including 26 High Voltage (40V) I/0 Lines); HMCS402/404/408 
o 36 1/0 lines (including 24 High Voltage (40V) I/0 Lines); HMCS412/414 


e High-speed instruction execution HMCS408AC/412AC/414AC + 0.89us 
| HMCS402AC/404AC : 1.29us 


o EPROM on-package type : HD614P080S/HD614P0160S 
: | HD614P180/HD40P4181 
© EPROM in-package type : HD4074008 | 
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Table 1-1 HMCS400 Series Function List 





























Type Name HMCS402C/CL/AC HMCS404C/CL/AC HMCS408C/CL/AC HMCS412C/CL/AC -HMCS414C/CL/AC 
Supply Voltage (V) 5/3/5 5/3/5 5/3/5 5/3/5 5/3/5 
3) —_——__— 
= Max.1I/O Terminal Vcc-40 Vcc-40 Vcc-40 Vec-40 ~ Vec-40 
id Voltage (V) | ; , : 
& Operating Temperature ~20 to +75 -20 to +75 -20 to +75. —- -20 to +75 -20 to +75 
«3 Range (°C) 
7. : 
4d Package DP-64S ,FP-64 DP-64S,FP-64 DP-64S ,FP-64 DP-42,DP-42S DP-42,DP-42S 
a a a Saas aaa ——c————————————————————————————————————— ee) 
Memory ROM (vits) 2,048 x 10 4,096 x 10 8,192 x 10 2,048 x 10 4,096 x 10 
RAM (bits) 160 x 4 256 x 4 512 x 4 160 x 4 160 x 4 
I/O Ports 58: 58 58 | | 36 36 
Interrupt External Zz | 2 2 2 2 
@ Timer/Counter 2 | 2 2 1 1 
z Serial 1 1 1 z zs 
Q | Interface _ | 
& Instruction 99 99 99 — «98 98 
Timer | 8 bit x 2 - 8 bit x 2° 8 bit x 2 8 bit x 1 8 bit x 1 
SCI | 8 bit x 1 8 bit x 1 8 bit x 1 z = 
EPROM on the Package HD614P080S HD614P080S  —«xHD614P080S HD614P180 | HD614P180 
Type HD614P0160S HD40P4181 HD40P4181 
EPROM in the Package | _- HD4074008 HD4074008 HD4074008 


Type 





1.2 Block Diagram 
1.2.1 HMCS402/404 Block Diagram 


Rao/Re1/Raz/ 
SCK S!SO RESET TEST OSC: OSC2 Vec GND 


peasy TIMER ] TIMER EXTERNAL SYSTEM CONTROL 
Face | A B INTERRUPT 


ROM 


HMCS402C/CL/ AC; 2048x 10 bits 
HMCS404C/CL/AC; 4096X 10 bits 
INSTRUCTION 
HMCS402C/AC/CL; 160x4 bit pecones cK 
HMCS404C/AC/CL; 256x4 bit 





ReaRe2/Rar/Rao/ R33/R32/R31Ra0 
SO SI SCK INT, INTo 


(.-4 High Voitage Pins 





1.2.2 HMCS408 Block Diagram 


Rao/Ras/Ra2/ R33/  R32/ ean 
SCK siso INT, INTo RESET TEST OSC, OSC2 VecGNO 


EXTERNAL SYSTEM CONTROL 
INTERRUPT 


8192 x 10-bit 


RAM 512x 4-bit peconce 


0-PORT 
Dek Sok Set Sot tah Sed Soh deh to ot ded Sak Gost Gak Ged Gad Ges Sem Gab ee Got 
te 
4 


§ t 1s 
Ra3Ra2/Rai/Reo/ R33/R32/R31Ra0 'R2gA22R21 R20 ''AygRi2Ris Rico’ 'RosRoz Ro: Roo 


( 
Ly 
2 
SO St SCK INT, INTo Rees rare gf 
C7" High Voltage Pins 
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1.2.3 HMCS412/414 Block Diagram 


R33/  R32/ 
INT: INTo RESET TEST OSC: OSC2 Vcc GND 


a 
4 
] RA1/Vaup RA cae werd 
' External System Control 


- Interrupt 
ROM. 


2048x 10 bit) 
2 eS (HMCS414C/AC/CL; 


Instruction 4096X 10 bit) f 


Nene ane see men sous 


Decoder 





R43R42R4:R40 R33/A32/R31R30 
INTINTo 


| High Voltage Pins 
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1.3 Pin Description 


O 


The MCU input and output signals are described below. 


GND, Vcc» Vdisp 

These are the Power supply pins for the MCU. Connect the GND to the 
ground (OV) and apply the Vcc power supply voltage to the Vcc pin. The 
Vdisp Pin (multiplexed with Ra ,) is a power supply for high voltage 1/0 
pins with maximum voltage of 40V(Vcc). For details, see "2.7 Input/Output". 


TEST 


This pin is not for use by users. It should be connected to Vcc pin. 


RESET 
This pin is used to reset the MCU. For details, see "2.8 Reset". 


OSC,, OSC2 

These are input pins for the internal oscillator circuit. They can be 
connected to the crystal resonator, ceramic filter resonator, resistor 
(resistor oscillation is applied to the HMCS402C and HMCS404C) 
or external oscillator circuits. For details, see "2.9 Internal Oscillator 


Circuit". 


D-port 

The D-port is input/output port addressed by one bit. The pins Dg to. D3 
are standard-type pins and D,4-Dj5 are high voltage pins. The Circuit type 
for each pin can be selected using a mask option. For details, see 


"2.7 Input/Output". 


R-ports (Rg to Ra) 

These are 4-bit I/0 porte: (Ra however, is 2-bit construction.) Ro, R6, 
R7 and Rg are output ports, Rg and Rag are input ports, and Rj to R5 are 1/0 
ports. Rg, R1, R2 and Rag are high voltage ports, and R3-R9 are standard 
ports. Each pin has a mask option which selects its circuit type. The 
pins R32, R33, R4g, R4i, and R42 are multiplexed with INTo, INT , SCK, SI, 
and SO respectively. For details, see "2.7 Input/Output". 


INTO, TNT] 

These are input pins with which MCU operations can be interrupted 
externally. INT] can be used as and external event input pin for Timer B. 
INTQ and INT] are multiplexed with R372, R33 respectively. For details, 


see '2.4 Interrupt". 
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o SCK, SI, SO 
The Transfer Clock I/O pin (SCK), Serial Data Input pin (ST), and Serial 
Data Output pin (SO) are used for serial interface. SCK, SI, and SO are 
multiplexed with R4g, R41, and Ryg respectively. For details, see "2.5 


Serial Interface". 


2. INTERNAL STRUCTURE AND ITS OPERATION 
2.1 ROM Memory Map 


Table 2-1 shows the ROM capacity of each family. ROM memory map is 
illustrated in Fig. 2-1 and described in the following paragraphs. 


Table 2-1 Capacity of HMCS400 Series ROM 





Family ROM Capacity 
HMCS402C, HMCS402CL, HMCS402AC 2,048 words x 10 bits 
HMCS404C, HMCS404CL, HMCS404AC 4,096 words x 10 bits 
HMCS408C, HMCS408CL, HMCS408AC 8,192 words x 10 bits 
HMCS412C, HMCS412CL, HMCS412AC =. 2,048 words x 10 bits” 
HMCS414C, HMCS414CL, HMCS414AC 4,096 words x 10 bits 
(1) Vector Address Area --- $0000 to SOOOF 


Locations $0000 through $OOOF are reserved for JMPL instructions to branch 
to the starting address of the initialization program and of the interrupt 
service programs. After reset of interrupt routine is serviced, the program 


is executed from the vector address. 


(2) Zero-Page Subroutine Area --- $0000 to $003F 
Maximum Locations $0000 through $OFFF are reserved for ROM data. P instruc- 


/ tion allows to branch to the subroutine. 


(3) Pattern Area --- $0000 to $07FF (HMCS402C/CL/AC, HMCS412C/CL/AC) 
| $0000 to $OFFF (HMCS404C/CL/AC, HMCS408C/CL/AC, 
| HMCS414C/CL/AC) | 
Maximum locations $0000 through SOFFF are reserved for ROM data. P in-. 


struction allows referring to the ROM data as a pattern. 


(4) Program Area --- $0000 to $O7FF (HMCS402C/CL/AC, HMCS412C/CL/AC) 
$0000 to SOFFF (HMCS404C/CL/AC, HMCS414C/CL/AC) 
$0000 to S$1FFF (HMCS408C/CL/AC) 
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JMPL Instruction 
Vector Address (Jump to RESET Routine) 
JMPL Instruction 


(Jump to INTo Routine) 
JMPL instruction 
Zero-P. ti —— 
ero-Page Subroutine (Jump to INT, Routine) 


ds 
(64Words) JMPL Instruction 


(Jump to TIMER-A Routine) 


Program JMPL Instruction 
Pattern (Jump to TIMER-B Routine) 


(2048 Words) 


Not Used 





HMCS402C/AC/CL 


Oo 


JMPL Instruction 
Vector Address (Jump to RESET Routine) 


JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT: Routine) 
JMPL Instruction 
(Jump to TIMER-A Routine) 


Zero-Page Subroutine 
_ (64Words) 


Program ' JMPL Instruction 
Pattern (Jump to TIMER-B Routine) 
(4096Words) 


Not Used 


HMCS404C/CL/AC 





Fig. 2-1 ROM Memory Map 
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CBR an “JMPL Instruction = |$0000 
- ote ; JMPL Instruction. 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT) Routine) 
—- JMPL Instruction 
(Jump to TIMER-A Routine) 
“JMPL Instruction. 
(Jump to TIMER-B Routine) 















Zero-Page Subroutine 
(64Words) 


















Pattern”. 
’ (4096 Words) 





4095 
4096 







Program 
(8192 Words) 


Not Used 


16383 $ 3FFF 


HMCS408C/CL/AC 



















Oo JMPL Instruction $ 0000 

Vector Address » (Jump to RESET Routine) | $ 0001. 
15 | $ 0002 
16 


Zero-Page Subroutine 
(64Words) 





_ Program 
Pattern 


(2048 Words) 1) si 00 


2047 S| ____________~] 000F 


2048 


Not Used 


16383 $ 3FFF 


HMCS412C/CL/AC 


Fig. 2-1 ROM Memory Map 
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JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 


Zero-Page Subroutine rE oe 
ge subrout! (Jump to INT; Routine) 


(64Words) 


Program 
Pattern 


(4096 Words) 


Not Used 


HMCS414C/CL/AC 


Fig. 2-1 ROM Memory Map 


2.2 RAM Memory Map 


The MCU includes RAM as the data area and stack area. In addition to these 
areas, interrupt control bits and special function registers are also mapped 
on the RAM memory space. Table 2-2 shows the RAM capacity of each family. 


RAM memory map is illustrated in Fig. 2-2 and described in the following 

















paragraphs. | 
Table 2-2 Capacity of HMCS400 Series RAM 
Family RAM Capacity 
HMCS402C, HMCS402CL, HMCS402AC 160 digits x 4 bits 
HMCS404C, HMCS404CL, HMCS404AC 256 digits x 4 bits 
HMCS408C, HMCS408CL, HMCS408AC 512 digits x 4 bits 
HMCS412C, HMCS412CL, HMCS412AC 160 digits <x 4 bits 
HMCS414C, HMCS414CL, HMCS414AC 160 digits x 4 bits 
(1) Interrupt Control Bit Area --- $000 to $003 


This area is used for interrupt controls, and is illustrated in Fig. 2-3. 
It is accessable only by RAM bit manipulation instruction. However, the 


interrupt request flag cannot be set by software. 
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(2) Special Pune elon: Reed etere Area Biel 600) to SOOB 

The Special Function Registers are the mode or data registers for the 
external interrupt, the serial interface, and the timer/counter. These 
registers are classified into three types: Write-only, Read-only, and Read/ 
Write as shown in Fig. 2-2. These registers cannot be accessed by RAM bit 


manipulation instruction. 


(3) Data Area --- $020 to $07F (HMCS402C/CL/AC, HMCS412C/CL/AC, HMCS414C/CL/AC) 
$020 to SODF (HMCS404C/CL/AC) 
| $020 to $1DF (HMCS408C/CL/AC) 
16 digits of $020 through SO2F are called memory register (MR) and 





accessable by LAMR and XMRA instructions. The configuration is shown in 


Fig. 2-4. .- . 


(4) Stack Area --- $3C0O to $3FF 

Locations $3CO through $3FF are reserved for LIFO stacks to save the 
contents of the program counter (PC), status (ST) and carry (CA) when inter- 
ruption is serviced. This area can be used as 16 nesting level stack which 
one level requires 4 digits. A save condition is shown in Fig. 2-4. The 
program counter is restored by RTN and RTNI instructions. Status and Carry 
are restored only by RTINI instruction. The area, not used for stacking, is 


available as a data area. 


: d Registers i 
RAM mappe g Interrupt Control Bits . 


Memory Registers(MR) 


4| Port Mode Reg. (PMR) | Ww 
5} Serial Mode Reg. (SMR) « W |$ 005. 
6] Serial Data Reg. Lower (SRL) iR/W $ 006 
hae: 7| Serial Data Reg. Upper (SRU) 'R/W]$ 007 
(96 Digits) ; : ! 

81 Timer Mode Reg. A (TMA) ! W }$ 008 
9] Timer Mode Reg. B (TMB) ! W 1¢ 009 


. TCBL/TLRL) ! 
Se NERE ( ) tlh $ OOA 
(TCBU/TLRU) 1 R/Wi$ 00B 


Not Used 
$ 3BF Not Used 
$ 3CO0 
Stack 


(64 Digits) 
. $ 3FF 


* Two registers are mapped on same address. 
R__:Read Only 7 Timer/Event Counter B Lower | R 
Wve: Only Timer/e _ a B Upr Timer Load faa Upper 

: imer/Event Counter pper ; c ! 
R/W: Read/Write (TCBU) ms (TLRU) a. 


(1) HMCS402C/CL/AC 





Fig. 2-2 RAM Memory Map 
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$ 000 

RAM-mapped Registers . 001 

31 ‘i : Interrupt Control Bits see 
32 

Memory Registers(MR) \ $ 003 

OG has oo i et ee 4| Port Mode Reg. (PMR) ' W |g 004 


48 5] Serial Mode Reg. (SMR) | W 1$ 005 
6] Serial Data Reg. Lower (SRL) iR/W $ 006 
(192Digits) Serial Data Reg. Upper (SRU) ‘'R/W]$ 007 


8| Timer Mode Reg. A (TMA) } W 1$ 008 


91 Timer Mode Reg. B (TMB) | W {$009 


223} ‘ (TCBL/TLRL) 'R/WIig¢ 00A 
224 7 TIMER-B’ 

| (TCBU/TLRU)1R/W] $ OOB 

Not Used $ OOC 


959 
960 | Not Used 


Stack $ O1F 
(64Digits) 








* Two registers are mapped on same address. 







R_:Read Only 1 Ti Load Reg. L ] 
Wise Weite Only 10 $O0A 
(2) HMCS404C/CL/AC 
: $ 000 
RAM-mapped Registers ; ene $ 001 
ntro f 
31 nterrupt Co $ 002 
32 
Memory Registers(MR) \ $ 003 
Te 5 8 a te in es ep Port Mode Reg. (PMR) ' W |$ 004 


48 5} Serial Mode Reg. (SMR) «| W [$005 


(448 Digits) Serial Data Reg. Upper (SRU) 'R/W{$ 007 


Timer Mode Reg. A (TMA) | W }$ 008 


Timer Mode Reg. B (TMB) |! W }¢ 009 


o $1DF een (TCBL/TLRL) !R/W}$ OOA 
Si $1£0 __(TCBU/TLRU)!R/WI$ 008 


Not Used . $ OOC 
959 $ 3BF 
960 $ 3C0 Not Used 
Stack $ O1F 
| ste 
1023 (64Digits) wane 


* Two registers are mapped on same address. 


R_:Read Only 





Ti ' Timer Load Reg. Lo | 
We Wuiie On 10 pareve ae 8 Lower | R imer i tae wer 'w1$00A 
; ; Timer/Event Counter B Upper Timer Load Reg. Upper 
R/W:Read/Write “ Ry ne ean 'w | $00B 


« 


(3) HMCS408C/CL/AC 


Fig. 2-2 RAM Memory Map 
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: Registers ips. 
RAM-mapped Reg Interrupt Control Bits 


0 
1 
2 
3 


a[_Port Mode Reg. (PMR) | w |s 004 
5 $ 005 
ef Not Used | $006 

(96Digits) | 7 $ 007 

| 8 Bg] Not Used | $08 
9] Timer Mode Reg.B (TMB) | W |$ 009 


scan (TCBL/TLRL) {R/W| $ 0OA 
(TCBU/TLRU)!R/W] $ 00B 


Not Used 


| Memory Registers(MR) 


Not Used 


$ 3CO 
Stack 


(64Digits) 
$ 3FF 


* Two registers are mapped on same address. 


R  :R ni ) Timer Load Reg. Lower 1 
nee pasa anor Event Countes B Lower, p ime TALE iW 

, wv Timer/Event Counter B Upper | p Timer Load Reg. Upper iw, | $00B 
R/W: Read/Write (TCBU) (TLRU) ! 


(4) HMCS412C/CL/AC, HMCS414C/CL/AC 





Fig. 2-2 RAM Memory Map 


IMO | _ IFO | RSP MALO © 4 arr 
(IM of INTs ) (IF of INT ) (Reset SP Bit) (Interrupt Enable Flag) 


IMTA FTA) IM1 AFA 
1 


~ (IM of TIMER-A) (IF of TIMER-A) (IM of INT,) (\F of INT,) 


— IMTB — 1FTB 
IMS IFS 
: ) oe 


Interrupt Request Flag 
Interrupt Mask 

Interrupt Enable Flag 

Stack Pointer 


Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when ‘’Not Used”’ bit is tested. 


(1) HMCS402, HMCS404, HMCS408 





Fig. 2-3 Configuration of Interrupt Control Bit Area 
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IMO IFO RSP I/E 
(IM of INTo ) (IF of INT ) (Reset SP Bit) (Interrupt Enable Flag) 


aN EY 
Not Used Not Used 


Not Used Not Used ee ve 
se ot Use 
(IM of Timer B) (IF of Timer B) 


Interrupt Request Flag 

interrupt Mask 

Interrupt Enable Flag 

Stack Pointer 

Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and 
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEMD instruction. 

The content of status becomes invalid when “Not Used” bit and RSP bit are tested by a TM or TMD instruction. 





(2) HMCS412, HMCS414 





Fig. 2-3 Configuration of Interrupt Control Bit Area 


Memory Registers Stack Area 


o20 °° aeNe 

021 Level 15] 

022 

023 

024 

025 

026 . 
027 bit3 bit2 bit 
028 

029 

O2A 

028 

02¢ 

02D 

O2E | 

O2F 1023 


PCizs toPCo ; Program Counter 
ST; Status 
CA; Carry 


HRA RF RFHRHARAH HH HF HF H 


As the HMCS402/HMCS412 have 2k ROM version, PCi1, PCy2, PCi3 are not 
used. 


As the HMCS404/HMCS414 have 4k ROM version, PCi2, PCi3 are not used. 





As the HMCS408 have 8k ROM version, PC,3 is not used. 


Fig. 2-4 Configuration of Memory Register, Stack Area and Stack Position 
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2.3 Registers and Flags 


The MCU has nine registers and two flags for the CPU operations. They are 


illustrated in Fig. 2-5 and described in the following paragraphs. 


(1) Accumulator (A), B Register (B) 
The 4-bit registers Accumulator and B Register are used to hold the results 
of Arithmetic Logic Unit (ALU), and to transfer data to/from memories, I/O, 


and other registers. 





(2) W Register (W), X Register (X), Y Register (Y) 

W Register is 2-bit, and X and Y Registers are 4-bit registers used for 
indirect addressing of RAM. Y Register is also used for D-port addressing. 
W Register is a write-only register. For details, see '8.1 Precautions on 


Using W Register". 


(3) SPX Register (SPX), SPY Register (SPY) 
The 4-bit registers SPX and SPY Registers are used to assist X and Y 


Register respectively. 


(4) Carry (CA) 
The Carry (CA) stores the overflow of ALU generated by the arithmetic 
operation. It is also affected by SEC, REC, ROTL and ROTR instructions, 
During interrupt is serviced, Carry is pushed onto the stack and restored 


by RTNI instruction (not by RTN instruction). 


(5) Status (ST) 

The Status (ST) latches and overflow and Not Zero generated from ALU, 
results of bit test. It is a branch condition of BR, BRL, CAL or CALL 
instructions. The value of the Status remains unchanged until the next 
arithmetic compare of bit test instruction is executed. Status becomes Tae 
after the BR, BRL, CAL or CALL instruction is executed irrespectively whether 
it is executed or skipped. During the interrupt servicing, Status is pushed 
onto the stack and restored back from the stack by RTNI instruction (not by 


RIN instruction). 


(6) Program Counter (PC) | | 
The Program Counter is a 14-bit binary counter which controls the sequence 


in which the instructions stored in ROM are executed. 
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(7) Stack Pointer (SP) 

The 10-bit Stack Pointer contains the address at which the last data was 
pushed onto the stack. 

The Stack Pointer is initialized to locate $3FF on the RAM address, and 
is decremented by 4 when data is pushed onto the stack, and incremented by 
4 when data is restored back from there. Upper 4 bits of the Stack Pointer 
are fixed to "1111", so that the stack can be used up to 16 levels. 

The Stack Pointer is initialized to $3FF in two ways; one is MCU reset 


and the other is to reset RSP bit by REM or REMD instruction. 





Accumulator 


8 Register 


W Register 


X Register 


Y Regrster 


SPX Register 


SPY Register 


Program 
Counter 





Fig. 2-5 Registers and Flags 
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2.4 Interrupt 


Maximum interrupt sources are five available on the MCU: External Request 
(INTo, INT]), Timer/Counter (TIMER-A, TIMER-B), and Serial Port (SERIAL). 
For each source, the Interrupt Request Flag (IF), Interrupt Mask (IM) and 
interrupt vector addresses are provided to control and maintain and interrupt 
request. The Interrupt Enable Flag (I/E) is also used to control the total 


interrupt operations. 


(1) Interrupt Control Bits and Interrupt Service 





The interrupt control bits are mapped on $000 through $003 of the RAM 
Space and are accessable by RAM bit manipulation instruction. (The Inter- 
rupt Request Flag (IF) cannot be set by software.) The Interrupt Enable 
Flag (I/E) and IF are set to "0", and the Interrupt Mask (IM) is set to "1" 
at initialization by MCU reset. 

Fig. 2-6 is a block diagram of the interrupt control circuits. Table 2-3 
shows the interrupt priority and vector addresses, and Table 2-4 shows the 
interrupt conditions corresponding to each interrupt source. The interrupt 
request is generated when the IF is set to "1" and IMis "0". If the I/E is 
"1" at this time, the interrupt will be activated and vector addresses will | 
be generated from the priority PLA corresponding to the five interrupt sources. 

Fig. 2-7 shows the interrupt service sequence, and Fig. 2-8 shows the | 
interrupt service flowchart. If the interrupt is requested, the instruction 
being executed finishes in the first cycle. The I/E is reset in the second 
cycle. In the second and third cycles, the Carry, Status and Program Counter 
are pushed onto the stack. In the third cycle, the instruction is re-executed 
after jumping to the vector address. : 

In each vector address, program JMPL instruction to branch to a starting 
address of the interrupt service program. The IF which caused the interrupt 


service has to be reset by software in the interrupt service program. » 
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+ 
a) 


an 
° 
8 
oO 


$ 003,0 
IFS 


$ 003,1 


Sequence Control 
+ Push PC/CA/ST 
+ Reset I/E 

+ Jump to Vector 
Address 






Priority Control Vector Address 
PLA 






(1) HMCS402, HMCS404, HMCS408 


‘Push PC/CA/ST 
‘Reset 1/E 

‘Jump to Vector 
Address 


Vector Address 


Priority Control PLA 





(2) HMCS412, HMCS414 


Fig. 2-6 Interrupt Circuit Block Diagram 
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Table 2-3 Vector Address and Interrupt Priority 


(1) HMCS402, HMCS404, HMCS408 (2) HMCS412, HMCS414 
eet (ite Vector sddiecces Reset, Interrupt Vector addresses 
~ RESET. | ~~” $0000 RESET | - | $0000 

INTo ee es $0002, ee , 

Mt | 2] 80004 To (1 | s0002 

TIMER-A $0006 INT, $0004 

TIMER-B | 4s $0008 

seniat__| 5 | $000 Timer 8 $0008 


Table 2-4 Conditions of Interrupt Service 


(1) HMCS402, HMCS404, HMCS408 


YE 


Interrupt reer 2 > tetas 
inerap——Rouree| RTS | RTE TIMER-A | TIMER-B | SERIAL 
control bits ae 


oO; Oo; oO; oO] = 


1 


* Don’t care 


IF1-IM1 
IFTB-IMTB 





Instruction 


Cycles 


Instruction 
execution 


Stacking, 
Vector address 
is generated 


Interrupt Stacking, 
accepted Reset of I1/E 


JMPL instruction execution on the 
vector address 


Instruction 
Execution at 

“| starting address 
of the interrupt 
routine 





- Fig. 2-7 Interrupt Servicing Sequence 
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Execute 
Instruction 


Stack—(PC) 
Stack+—(CA) 
Stack<—(ST) 


PC--$ 0002 


fon 
(SERIAL Interrupt) 


(1) HMCS402, HMCS404, HMCS408 





Fig. 2-8 Interrupt Servicing Flowchart 
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Interrupt 
Request 


(B) : 
Execute | 
aan pase 
Instruction Accept 


Stack <— (CA) 
Stack < (ST) 


PC < (PC) +1 i/E<-O 
ws . Stack <— (PC) 


INTo 
PC ~ $0002 Interrupt 
. : ? 
) INT: 
PC — $0004 Interrupt 
PC + $0008 (Timer B Interrupt) 


(2) HMCS412, HMCS414 





Fig. 2-8 Interrupt Servicing Flowchart 
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(2) Interrupt Enable Flag (1/E:$000, bit 0) 
The Interrupt Enable Flag controls enable/disable of interrupt requests 
from the sources as shown in Table 2-5. It is reset by the interrupt servic- 


ing and set by RINI instruction. 


Table 2-5 Interrupt Enable Flag 





Interrupt Enable Flag Interrupt Enable/Disable 
0 Disable 
1 Enable 











(3) External Interrupts (INTg, INT7) 


The external interrupt request inputs (INTp, INT)) can be selected by the 





Port Mode Register (PMR:$004). Setting the bit 3 and bit 2 of PMR causes 
R33/INT] pin and R32/INTg pin to be used as INT] pin and INTg pin respectively. 
The External Interrupt Request Flags (IFO, IF1) are set at the falling edge 
of INT9, INT, inputs. (Refer to Table 2-6). 
INT] input can be used as a clock signal input of TIMER-B. Then, TIMER-B 
counts up at each falling edge of input. When using INT] as TIMER-B external 
event, and External Interrupt Mask (IM1) has to be set so that the interrupt 


request by INT] will not be accepted. (Refer to Table 2-7.) 


Table 2-6 External Interrupt Request Flag 





External Interrupt Request Flags Interrupt Requests 
0 No 
1 Yes 


Table 2-7 External Interrupt Mask 


External Interrupt Masks Interrupt Requests 
0 Enable 
a | 1 Disable (masks) 


(4) External Interrupt Request Flags (IFO:$000 bit 2, $001 bit 0) 
The External Interrupt Request Flags (IFO, IF1) are set at the falling 
edge of INTo, INT, inputs respectively. 


(5) External Interrupt Masks (IM0:$000 bit 3, $001 bit 1) 
- The External Interrupt Masks are used to mask the external interrupt 


requests. 
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(6) Port Mode Register (PMR: $004) 

The Port Mode Register is a 4-bit write-only register which controls the 
R39/INTg pin, R33/INT] pin, R4,/SI pin and R42/SO pin as shown in Table 2-8. 
The Port Mode Register will be initialized to $0 by MCU reset, all these pins 


are therefore used as ports. 


Table 2-8 Port Mode Register 












R33/INT, pin 





Used as R33 port input/output pin 
Used as INT, input pin 


R32 /INT> pin 





Used as R32 port input/output pin 
Used as INT input pin 


Ra /S\ pin 





Used as Ra, port input/output pin 
Used as SI input pin 


Raz /SO pin 





Used as Ra, port input/output pin 
Used as SO output pin 


2.5 Serial Interface 


The serial interface is used to transmit/receive 8-bit data serially. This 
consists of the Serial Data Register, the Serial Mode Register, the Octal 
Counter and the multiplexer as illustrated in Fig. 2-9. Pin R4o/SCK and the 
transfer clock signal are controlled by the Serial Mode Register. The 
contents of the Serial Data Register can be written into or read out by 
software. The data in the Serial Data Register can be shifted synchronously 
with the transfer clock signal. | 

STS instruction is used to initiate serial interface operations and to ~ 
reset the Octal Counter to $0. The counter starts to count at the falling 
edge of the transfer clock (SCK) signal and increments by one at the rising 
edge of the SCK. When the Octal Counter is reset to $0 after eight transfer 
clock signals, or when a transmit/receive operation is discontinued by reset- 


ting the Octal Counter, the SERIAL Interrupt Request Flag will be set. 
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SYSTEM OC(sbin 
pile PRESCALER(1 tit) OCTAL SROF 
z COUNTER 


BEEBE INTERRUPT 
3 
- 


ne REQUEST FLAG 
" BEBE of SERIAL INTER. 
FACE 
NTERNA IN 1 
: SERIAL MPX Ei INTERNAL BUS a —E (St) 


SscK 


INTERNAL BUS LINE | (S2) | 


SR (8 bit) 
SERIAL DATA REGISTER 
SMRIabiN PMR(4bit) 4 
PORT M 
7 REG. AEG INTERNAL BUS LINE (S2) {| 


R,,/S! iL R,,/SO 
PORT PORT 
Ox 





Fig. 2-9 Serial Interface Block Diagram 


(1) Serial Mode Register (SMR:$005) 

The 4-bit write-only Serial Mode Register controls the R4o/SCK, prescaler 
divide ratio, and transfer clock source as shown in Table 2-9. 

The Write Signal to the Serial Mode Register controls the operating state 

' of the serial interface. 

The Write Signal to the Serial Mode Register stops the Serial Data Register 
and Octal Counter from applying transfer clock, and it also resets the Octal 
Counter to $0 simultaneously. Therefore, when the Serial Interface is in the 
"Transfer State", the Write Signal causes the Serial Mode Register to case 
the data transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the second 
instruction cycle after writing into the Serial. Mode Register. Therefore, 
it will be necessary to execute the STS instruction after the data in the 
Serial Mode Register has been changed completely. The Serial Mode Register 


will be reset to $0 by MCU reset. 


(2) Serial Data Register (SRL:$006, SRU:$007) 
The 8-bit read/write Serial Data Register consists of a low-order digit 
(SRL:$006) and a high-order digit (SRU:$007). 
-The data in the Serial Data Register will-.be output from the SO pin, from 
LSB to MSB, synchronously with the falling edge of the transfer clock signal. 


At the same time, external data will be input from the SI pin to the Serial 
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Data Register, to MSB first, synchronously with the rising edge of the 
transfer clock. Fig. 2-10 shows the I/O timing chart for the transfer 
clock signal: and the data. —_ | 

The read/write operations of the Serial Data Register should be performed 
after the completion of data transmit/receive. Otherwise the data may not 


be guaranteed. 


Table 2-9 Serial Mode Register 






Used as Rao port input/output pin 
Used as SCK input/output pin 





Transfer Clock 


Prescaler System Clock 

Bit 2 Rao/SCK Port Clock Source Divide Divide 
Ratio Ratio 

0 | Prescater | + | e208 + 4096 
SCK Prescal ; 

oes wer 
1 _ System 
Output Clock 
SCK 
Input 


f- 
woo 


External — 
Clock 


(3) Serial Interrupt Request Flag (IFS:$003 bit 0) 
The Serial Interrupt Request Flag will be set when the Octal Counter 
counts eight transfer clock signals, or when data transfer is discontinued 


by resetting the Octal Counter. Refer to Table 2-10. 


(4) Serial Interrupt Mask (IMS:$003 bit 1) | 
The Serial Interrupt Mask masks the interrupt request. Refer to Table 
2-11. | 


(5) Selection and Change of the Operation Mode 
Table 2-12 shows the serial interface operation modes which are. determined 
by a combination of the value in the Port Mode Register and that in the 
Serial Mode Register. 
Initialize the serial interface by the Write Signal to the Serial Mode 


Register, when the Operation Mode is changed. 
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Transfer Clock LLL LLL 


8 


Serial Output Data 


Serial Input Data 
Latch Timing 





Fig. 2-10 Serial Interface I/O Timing Chart 


Table 2-10 SERIAL Interrupt Request Flag 





SERIAL Interrupt Request Flag - Interrupt Request 


Enable 
Disable (mask) 





Table 2-12 Serial Interface Operation Mode 


—_ |__ PMR __| Serial interface Operating Mode 


1 | 0 | O | Clock Continuous Output Mode 
1 | 0 | 1 | Transmit Mode 

1 | a | oO | Receive Mode 

1 Fo 4 ft 4 | Transmit/Receive Mode 


(6) Operating State of Serial Interface 

The serial interface has three operating states, the STS waiting state, 
SCK waiting state, and Transfer state, as shown in Fig. 2-11. 

The STS waiting state is the initialization state of the serial interface 
internal state. The serial interface enters this state in one of two ways: 
either by changing the operation mode through a change in the data in the 
Port Mode Register, or by writing data into the Serial Mode Register. In 
this state, the serial interface does not operate even if the transfer clock 
is applied. If an STS instruction is executed, the serial interface shifts 


to "SCK waiting state". 
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In this state the falling edge of the first transfer clock causes the 
serial interface shift to "transfer state", while the Octal Counter counts-up 
and the Serial Data Register shifts simul taneously.. As an exception, if the 
clock continuous output mode is selected, the serial interface stays in 
"SCK waiting state" while the transfer clock outputs continuously. | 

The Octal Counter becomes "000" again by 8 transfer clocks or by execution 
of STS instruction, so that the serial interface returns to "SCK waiting 
state", and the Serial Interrupt Request Flag is set simultaneously. 


When the internal transfer clock is selected, the transfer clock output 





is triggered by the execution of an STS instruction, and stops after 8 clocks. 


(7) Example of Transfer Clock Error Detection 

The serial interface Funct tons abnormally when the transfer clock is 
disturbed by external noises. In this case, transfer clock error can be 
detected by the procedure shown in Fig. 2-12. | | 

If more than 8 transfer clocks are applied in the "SCK waiting state", 
the state of the serial interface shifts as the following sequence: first, 
"transfer state", second, "SCK waiting state" and third, "transfer state" 
again. The Serial Interrupt Flag should be reset before entering into the 
STS state by writing data to SMR. This procedure causes the serial IRF to 


be set again. 


* ‘Change PMR"’ means the change of 
operation mode as below: STS Waiting State 


Octa! Counter = 000" 
; * Transmit Mode | Transfer Clock Disable - 
Clock Continuous * Receive Mode Change PMR 
Output Mode * Transmit/Receive |. 


Mode 


Transfer Clock 


SCK Waiting State Transfer State 
(Octal Counter = “000") 8 Transfer Clocks, (Octal Counter # 000") 
STS Instruction 


(IFS — 1") 





Fig. 2-11 Serial Interface Operation State 
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Transmit/Receive 
(IFS “"y 


Interrupt 
Disable 


Transter Clock 
Error Processing 





Fig. 2-12 Example of Transfer Clock Error Detection 





2.6 Timer 


The MCU contains a prescaler and two timer/counters (TIMER-A, TIMER-B). 
A block diagram is shown in Fig. 2-13. The prescaler is an ll-bit binary 
counter, TIMER-A an 8-bit free-running timer, and TIMER-B an 8-bit auto- 


reload timer/event counter. | 


INTERNAL BUS LINE ($1) 


TMB(4bit) 
TL(abit) 
INT, Bee 
(>) TIMER-B ss MPX Ubaiehdetal| TROE 


TIMER MODE REGISTER B 


TIMER/EVENT COUNTER B 
RES ZERE INTERRUPT 
TLR(Bbit) REQUEST FLAG 


N 
le 
TIMER LOAD REGISTER OF TIMER-B 


SYSTEM 
PRESCALER(1 1bit) 


: INTERNAL BUS LINE ($2) 


N 
«fe 


TMA(3bit) 


TIMER-A MPX TCA(8bit) TAOF eva 
TIMER COUNTER A 


INTERRUPT 
REQUEST FLAG 
OF TIMER-A 


TIMER MODE REGISTER A 





| Fig. 2-13 Timer/Counter Block Diagram 
(1) Prescaler | a 
The input to the prescaler is a system clock signal. The prescaler is 
initialized to $0000 by MCU reset, and it starts to count up the system clock 
signal as soon as RESET input goes to logic "0". The prescaler keeps 
counting up except in MCU reset and stop mode. The prescaler provides clock 
signals to TIMER-A, TIMER-B and the serial interface. The prescaler divide 
ratio of the clock signals are selected according to the contents of the mode 
registers, e.g. Timer Mode Register A (TMA), Timer Mode Register B (TMB), 


Serial Mode Register (SMR). 
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(2) TIMER-A Operation | 

After TIMER-A is initialized to $00 by MCU reset, it counts up at every 
clock input signal. When the next clock signal is applied after TIMER-A 
becomes SFF, it will generate an overflow and become $00. This overflow 
causes the TIMER-A Interrupt Request Flag (IFTA:$001 bit 2) to go to "1". 
This timer can function as an interval timer periodically generating overflow 
output at every 256th clock signal input. 

The clock input signals to TIMER-A are selected by the Timer Mode Register 
A (TMA:$008). 


(3) TIMER-B Operation 

Timer Mode Register B (TMB:$009) is used to select the auto-reload func- 
tion, input clock source, and the prescaler divide ratio of TIMER-B. When 
the external event input is used as an input clock signal to TIMER-B, select 
the R33/INT] as INT] and set the External Interrupt Mask (IM1) to prevent an 
external interrupt request from occurring. 

TIMER-B is initialized according to the value written into the Timer Load 
Register by software. TIMER-B counts up at every clock input signal. When 
the next clock signal is applied to TIMER-B after it is set to SFF, TIMER-B 
will generate overflow output. In this case, if the auto-reload function is 
selected TIMER-B is initialized according to the value of the Timer Load 
Register, and if it is not selected, TIMER-B goes to $00. The TIMER-B 
Interrupt Request Flag (IFTB:$002 bit 0) will be set at this overflow output. 


(4) Timer Mode Register A (TMA: $008) © 7 

The Timer Mode Register A (TMA) is a 3-bit write-only register. The TMA 
controls the prescaler divide ratio of TIMER-A clock inpaes-as shown in. 
Table 2-13. 

The TMA is initialized to $0 by MCU reset. 


(5) Timer Mode Register B (TMB:$009) 

The Timer Mode Register B (TMB) is a 4-bit write-only register which 
controls the selection of the auto-reload function of TIMER-B and the 
prescaler divide ratio, and the source of the clock input signal, as shown 
in Table 2-14. | _ 

The Timer Mode Register B is initialized to $0 by MCU reset. 

The operation mode of TIMER-B is changed at the second instruction cycle 

_after writing into the Timer Mode Register B. Initialization of TIMER-B by 
the write instruction to Timer Load Register should be performed after the 
contents of TMB are changed. Configuration and function of Timer Mode © 


\, 


Register is shown in Fig. 2-14. 
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Table 2-13 Timer Mode Register A Table 2-14 Timer Mode Register B 


Prescaler Divide Ratio Auto-reload Function 


Prescaler Divide Ratio, 
Clock Input Source 


cere cr Hees 
ee ee 


PMR:$ 004 SMR:$ 005 


ed 
te Transfer clock selection 
= R.o/SCK pin mode selection 


R,4,/SO pin mode selection 
R4;/Si pin mode selection 
R3:/INTo pin mode selection 


R,3;/INT, pin mode selection 


TMA:$ 008 TMB:$ 009 


be TMaa}Tmaifrwac TMB3/TMB2 et)rmeo 
aD eet a 


an TIMER-B input clock selection 
Auto-reload function selection 


TIMER-A input clock selection 





Fig. 2-14 Mode Register Configuration and Function 
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(6) TIMER-B (TCBL:$00A, TCBU:$00B, TLRL.$00A, TLRU:$00B) 

TIMER-B consists of an 8-bit write-only Timer Load Register, and an 8-bit 
read-only Timer/Event Gointer.. Rach of them has a low-order digit (TCBL:S00A, 
TLRL: $00A) and a high-order digit (TCBU:$S00B, TLRU.SOOB). (Refer to Fig. 2-2.) 

The Timer/Event Counter can be initialized by writing data into the Timer 
Load Register. In this case, write the low-order digit first, and then the 
high-order digit: The Timer/Event Counter is initialized at the time when 
the high-order digit is written. The Timer Load Register has been initialized 
to SOO by the MCU reset. 

The counter value of TIMER-B can be obtained by reading the Timer/Event 
Counter. In this case, read the high-order digit first, and then the low- 
order digit. The count value of the low-order digit is latched at the time 


when the high-order digit is read. 


(7) TIMER-A Interrupt Request Flag (IFTA:$001 bit 2) 
The TIMER-A Interrupt Request Flag is set by the overflow output of 
TIMER-A. Refer to Table 2-15. 


(8) TIMER-A Interrupt Mask (IMTA:$001 bit 3) 
The TIMER-A Interrupt Mask prevents an interrupt request from being 


generated by TIMER-A Interrupt Request Flag. Refer to Table 2-16. 


(9) TIMER-B Interrupt Request Flag (IFTB:$002 bit 0) 
The TIMER-B Interrupt Request Flag is set by the overflow output of 
TIMER-B. Refer to Table 2-17. 


(10) TIMER-B Interrupt Mask (IMTB:$002 bit 1) 
The TIMER-B Interrupt Mask prevents an interrupt request from being 


generated by TIMER-B Interrupt Request Flag. Refer to Table 2-18. 


Table 2-15 TIMER-A Interrupt Request Flag Table 2-16 TIMER-A Interrupt Mask 


TIMER-A Interrupt TIMER-A Interrupt 
1 










| Enable 

Yes ee Sea eee 

Table 2-17 TIMER-B Interrupt Request Flag Table 2-18 TIMER-B Interrupt Mask 
pe eee ae | 2 
anes anare Yes Pd irate (Mask | 
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2.7 Input/Output 


The MCU has 58 I/O pins, 32 standard pins and 26 high voltage pins. One 
of these circuit types, CMOS, with pull-up MOS, and without pull-up MOS (NMOS 
open drain) can be selected for each standard pin, and one of two circuit 
types, with pull-down MOS and without pull-down MOS (PMOS open drain), can be 
selected for each high voltage pins. Since the pull-down MOS is connected 
to the internal Vqisp line, the Vdisp line must be selected from the RA1/Vdisp 
pin via mask option when at least one high voltage pin is selected as "With 
pull-down MOS" option. See Table 2-19 as for I/O pin circuit types. 

When every input/output pin is used as an input pin, the mask option and 


output data must be selected in the manner specified in Table 2-20. 





(1) Output Circuit Operation of "With pull-up MOS" Standard Pins 
In the “with pull-up MOS" standard pin option, the circuit shown in Fig. 
2-215 is used to shorten rise time of output. 

When an output instruction is executed, a write pulse will be generated 
and applied to the R port addressed by this instruction. This pulse will 
switch the PMOS (B) to ON and shorten the rise time. In this case, the 
write pulse keeps PMOS in the ON state for one-eighth of the instruction 

cycle time. While the write pulse is "0", a high output level is maintained 
by the pull-up MOS (C). | 
| As the HLT signal becomes "0" in stop mode, MOS (A) (B) (C) turn OFF. 


(2) D-port 
The D-port is an I/O port which has 16 descrete I/O pins, each of which 
can be addressed independent 19; It can be set/reset through SED/RED and 
- SEDD/REDD instructions, and can be tested through TD and TDD instructions. 
See Table 2-19 as for the classification of standard pin, high voltage pin 


and the I/O pin circuit types. 


(3) R-ports 

The R-ports are 4-bit I/O ports. The eleven R-ports in HMCS408 are 
composed of 20 I/O pins, 16 output-only pins, and 6 input-only pins. Data 
is input through LAR and LBR instructions and output through LRA and LRB 
instructions. The MCU will not be affected by writing into the input-only 
and/or non-existing ports, while invalid data will be read by reading from 
the output-only and/or non-existing ports. 

The R39, R33, Rios R41, and Ry» pins are multiplexed with the INTg, INT], 
SCK, SI, and SO pins respectively. See Table 2-19 as for the classification 


of standard pins, high voltage pins and selectable circuit types of I/O pins. 
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| | Write pulse 


(Output 
instruction) 





PMOS(B) 
M2 





Pull up > MOS (C) 
M3 






HL 


Data 


ON Resistance Value. 7 
MOS 
Buffer HMCS402C/AC,HMCS404C/AC | HMCS402CL ,HMCS404CL | 











approx. 40k approx. 75k2. to 1M2(Vcc=3V) 
approx. 40kQ2 to 160k2(Vcc=5V) 





to 160kQ (Voc=5V) 


ON Resistance Value . 





HMCS4O08C, HMCS408AC HMCS408CL 
HMCS412C, HMCS412AC HMCS412CL 
eoeueieiacl: HMCS414AC HMCS414CL 






approx. 2502 approx. 
approx. 1k approx. l. TH. 


M approx. 30k? approx. 60k2 to 1MQ(Vcc=3V) 
3 to 160k2 (Voc=5V) approx. 30k2 to 160k2(Vcc=5V) 


1 Instruction cycle 


ooo 
: Output instruction execution 















- Write pulse 


Fig. 2-15 “Qutput Circuit Operation of Standard Pins with "with Pull-up MOS" Option 
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Table 2-19 1/0 Pin Circuit Type 


(1) HMCS402/HMCS404/HMCS408 I/O Pin Circuit Type 


Without pull-up MOS ' 









HLT input HLT Dt 
data V OAS ite Do ~D;, 
cc Vec pulse 
HLT 














HLT 
output ra 


data 



















write 
pulse 


HLT 


Vec | Vcc 





Standard pins 






output 
data 





HALT 
output 
data 


HLT 
Output 
data 





High voltage pins 


(Note) In the stop mode, HLT signal is ‘0’ and 1/O pins are in high impedance state. (to be continued) 
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Without pull-up MOS (NMOS open drain) : Oe 
En or CMOS (A or C) With pull-up MOS (B) Applied pins. : 
—— SCK . SCK | 


HLT 
HLT 
HLT+mode select ; HLT+mode select 


1/0 











“SCK (Note 2) 


-|(OUTPUT MODE) | 





internal SCK 


Standard pins 







input 
data 








SCK (Note 2). 
(INPUT MODE) 


(Note 1) In the stop mode, HLT signal is "0", HLT signal is "1" and I/O pins 
are in high impedance state. | 


(Note 2) If the MCU is interrupted by serial interface in the external clock 
input mode, the SCK terminal becomes input only. 


Table 2-20 Data Input from Input/Output Common Pins 


Sah otuete 2 Possibility Available pin condition 


41 CMOS 


Standard Without pull-up 
pins MOS Yes 
(NMOS open drain) 
__ [With pultup Mos [Yes [dC 
poe foe 
Ea 







Without pull-down 
MOS | 
(PMOS open drain) 


With pull-down 
MOS 





Table 2-19 1/0 Pin Circuit Type 
(2) HMCS412/HMCS414 I/O Pin Circuit Type 


Without pull-up MOS With pull-up MOS Applicable 
(NMOS open drain) (A) (B) pins 


| ALT 





Standard Pins 


Without pull-down MOS Applicab! 
pia iaibicendaes With pull-down MOS (E) leas 
(PMOS open drain) (D) pins 


e Pins 


3 
° 
> 
& 


Hi 


Standard Pins 





Note: In the stop mode, HLT signal is 0, HLT signal is 1 and !/O pins are in high impedance state. 








1/0 Pin Circuit Type Input Possible Input Pin State 
Standard Pins CMOS No = 

Without pull-up MOS 

; Yes 1 

(NMOS open drain) 

With pull-up MOS Yes Vi 
High Voltage Pins Without pull-down MOS Vee 0 

(PMOS open drain) 

With pull-down MOS Yes @) 
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2.8 Reset 


The MCU is reset by bringing the RESET pin high. At power ON, when 
cancelling Stop Mode, the reset mise satisfy trc for the oscillator to 
Stabilize. In all other cases, at least two instructions cycles are required 
for the MCU to be reset. 

Table 2-21 shows the parts to be initialized by MCU reset and the status 


of each after the reset has been carried out. 


Table 2-21 Initial Value by MCU Reset 


ae 
Program counter (PC) . | Execute program from the top of ROM address. 
Status (ST) a ae Enable to branch with conditional branch instructions. 
Stack pointer (SP) | $3FF Stack fevel is 0. 


(A) Without pull- ; 
up MOS Enable to input. 


Standard pin| (B) With pull-up 
MOS 





















(C) CMOS 


(D) Without pull- 











1/0 pin 
output register 





High voltage 
pin (E) With pull- Enable to input. 


down MOS 
Inhibit all interrupts 


Interrupt Enable Flag (1/E) ; 
Mask interrupt request. 


Interrupt Mask (IM) 
Port Mode Register (PMR) See Item ‘Port Mode Register’. 
Serial Mode Register (SMR) See Item ‘Serial Mode Register”. 


Timer Mode Register A (TMA) | 000" | See Item ‘Timer Mode Register A’’. 
Timer Mode Register B (TMB) “0000°’ See Item ‘‘Timer Mode Register B’’. 


5000 : 


TimeriGouniw AEA) | so0—«f 
Timer/Event Counter (Toa) 800-~f ——SSCSC—~—SSSSC~C~C~CSC~S~S 
: (Rik SRR RII 


Interrupt flag 














Mode register 


Timer/Counter, 
Serial interface 


Timer Load Register (TLR) 


(Note) MCU reset affects to the rest of registers as follows: | 
After recovering from STOP mode After MCU reset except for 
by MCU reset the left condition 


‘ The contents of the items before ' The contents of the items before 

_BRegister MCU reset are not retained. | MCU reset are not retained. 

_W Register It is necessary to intialize them It is necessary to initialize them 
by software again. by software again. 





Carry 


‘Accumulator 


_Y/SPY Registers (Y/SPY)) . 2 
| Serial Data Register (SR) . Same as above Same as above 


ss ae es mere 


The contents of RAM before McU 


RAM reset (just before STOP instruction) Same as above 
are retained. ; 
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2.9 Internal Oscillator Circuit 


Fig. 2-16 outlines the internal oscillator circuit. Through mask option, 
either crystal oscillator or ceramic filter oscillator can be selected as the 
oscillator type, as shown in Table 2-22, and refer to Table 2-23 for selection 
of the type. In addition, see Fig. 2-17 for selection of layout of crystal or 
ceramic filter. In all cases, external clock operation is available. On the 
HMCS408C, three divide ratios, 1/16, 1/8, and 1/4, are selectable via mask 


option. 


Oscillator Divider Timing 
(Selectable circuit generator | 





with mask (Selectable circuit 
options) with mask 
options) 





Fig. 2-16 Internal Oscillator Circuit 


Table 2-22 Internal Oscillation Circuit Mask Option 


HMCS402C, HMCS402AC, HMCS402CL, 
HMCS404C HMCS404AC HMCS404CL 
Crystal | Oo fe) O 
Oscillator Ceramic oO O O 
Resistor fo) = - 
' Divider | 1/8 re) O oO 
HMCS408C _ HMCS408CL HMCS408AC 
HMCS412C HMCS412CL HMCS412AC 
HMCS414C HMCS414CL HMCS414AC 
Crystal fe) Oo f°) 
Oscillator 
Ceramic re) re) re) 
1/16 = oO : = 
Divider | 1/8 | fe) O = 
1/4 on Oo fe) 


SS SESSA SST ET EC SUS SS iss ss esses Sih PP PS SPSS SES 
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Table 2-23 Examples of Oscillator Circuit 


Circuit constants 


HMCS402AC , 
HMCS404AC 









External 
clock 
operation 





















Resistor 
Oscillator 





























Ceramic filter | Ceramic filter | Ceramic filter 












Ceramic CSA4.00MG CSA2.000MK | CSA6.00MG . 

filter peas (Murata) (Murata) (Murata) 
seat Taeee pia R¢ 2 1MQ+207% R¢ 2 1MQ+420% Rf? 1MQ+20Z% 
| C, :30pF+t202Z Cz:30pF+20Z Cy :30pF+20% 
C9:30pF+20Z © C2:30pF+20Z Co: 30pF+202% 












Re: LMQ+20% 
C1 :10%22pF+20Z% 
C2:10V22pF+202Z 
Crystal: 
equivalent 
circuit to the 
left 

Co:/pF max. 
Rg: 1002 max. 

f 2.06. 2MHz 


Rf: LMN+20% 
C1 :1L0V22pF+t202% 
C2:10V22pFt20Z% 
Crystal: 
equivalent 
circuit to the 
LELC: vnc. 
Co:/pF max. 
Rg:602 max. 
£:2.04.5MHz. 


























Crystal 








Crystal 
oscillator 






GND . 
AT cut parallel 
resonance crystal 


osc; ei Cy Rg f-OSC2 


Co. 
































R¢ : 2M2+20% 
C1: 1lO0V22pF+202 | 
C9:10V22pF+202% 
Crystal: 
equivalent 
circuit to the. 
left 

Co:/7pF. max. 
Rs: 1002 max. 
£:2.0V2.25MHz 


Crystal 


C2 
GND 
GT cut parallel 
resonance crystal 


osc; L C, Rs Lose, 


Co 






(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters 
are the one recommended by crystal or ceramic filter maker. The circuit 
parameters are changed by crystal, ceramic filter resonator and the floated 
capacitance in designing the board. In employing the resonator, please 
consult with the engineers of crystal or ceramic filter maker to determine 
the circuit parameter. 


(Note 2) Wiring among OScy, OSC? and elements should be as short as possible, and 


never cross the other wirings. Refer to the recommendable layout of 
crystal and ceramic filter. 
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Table 2-23 Examples of Oscillator Circuit 


Circuit constants 





















Circuit configuration HMCS408C HMCS408CL HMCS408AC 
HMCS412C HMCS412CL HMCS412AC 
HMCS414C HMCS414CL HMCS414AC 











External 
clock 
operation 





Oscillator 


OSC, 








Open—|0SCy 


Ceramic filter | Ceramic filter | Ceramic filter 





























Gseiuie CSA4..00MG CSA2.Q000MK CSA6.00MG 
filter Ceramic CSA2 .000MK CSA4.00MG (Murata) 

; PARERE (Murata) (Murata) R¢ 2 1MQ420% 
oscillator 














Re 2 1MQ420% 
Cj: 30pF+20% 
C2: 30pF+20Z% 


Re: 1MQ+20% 
C1 :30pF+20% 
C2: 30pF+20% 


C1 :30pF+202% 
C2: 30pF+202% 





































Re: 1MN+20% Rg 2 1MQ+20% 

C1 :1l0V22pF+202Z C1 :10V22pF+202 

C2:10V22pF+t202% C2:10V22pF+202 
Crystal Crystal: Crystal: 
oscillator equivalent equivalent 





circuit to the 
left 

Co:/pF max. 
Rg: 10022 max. 
£:1.0-4.5MHz 


circuit to the 
left 

Co:/pF max. 
Rg: 1008 max. 
£:21.0-4.5MHz 












AT cut parallel 
resonance crystal 


osc; o Cy Rs Lose. 


Co 














Re: 2MQ+20% 
C,:10V22pF+202% 
C2:10%22pF+202 
Crystal: 
equivalent 
circuit to the 
left 

Co:/7pF max. 
Rg: 1008 max. 
f:1.0-2.25MHz 





Crystal 












GND 
GT cut parallel 
resonance crystal 


osc, fi C, Rs t-oscy 
Co 


(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters 
are the one recommended by crystal or ceramic filter maker. The circuit 
parameters are changed by crystal, ceramic filter resonator and the floated 
capacitance in designing the board. In employing the resonator, please 
consult with the engineers of crystal or ceramic filter maker to determine 
the circuit parameter. 





(Note 2) Wiring among OSC}, OSC? and elements should be as short as possible, and 
never cross the other wirings. Refer to the recommendable layout of 
crystal and ceramic filter. 
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Do EAS 
=¢—— 


ANS 





Fig. 2-17 Recommended Layout of Crystal and Ceramic Filter 


2.10 Low Power Dissipation Mode 


The MCU has two low power dissipation modes, Standby Mode and Stop Mode. 
Their functions are shown in Table 2-24, and a mode transition is shown in 


Fig. 2-18. 


Table 2-24 Low Power Dissipation Mode Function 


Input/ imer, Recovering 
Oscillator | Instruction Register, Interrupt Output Counter, method - 
circuit execution Flag function in Serial 
P yaa 
RESET Input, 
STOP ied 2) 


*1) The MCU recovers from STOP mode by RESET input. Refer to Table 2-21 for 
the contents. of the flags and registers. eee 











Low Power 
Dissipation Mode 





*2) A high voltage pin with a pull-down MOS is tied to the Vgigp power supply 
through the pull-down MOS. As the pull-down MOS keeps ON, a pull-down 
MOS current flows when a difference between the pin voltage and the Vqgisp 
voltage exists. This is the additional current to the current dissipa- 
tion in Stop Mode (Istop). 


*3) As an I/O circuit is active, an I/O current possibly flows according to 
the state of I/O pin in Standby Mode. This is the additional current to 
the current dissipation in Standby Mode (Ispy1, Ispy2)- 


e 
~ 
» 
" 
= 
w 
n 
w 
« 





Fig. 2-18 MCU Operation Mode Transition 
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(1) Standby Mode 

Executing an SBY instruction puts the MCU into Standby Mode. In Standby 
Mode, the oscillator circuit is active and the timer, counter and serial 
interface continue working. On the other hand, the CPU stops since the clock 
related to the instruction execution stops. Registers, RAM and I/O pins 
retain the state they were in just before cae MCU went into Standby Mode. 

Standby Mode may be cancelled by inputting RESET or by executing an 
interrupt request. In the former case the MCU is reset, and in the later 
case, the MCU becomes an active mode and executes the next instruction 
following the SBY instruction. If the Interrupt Enable Flag is "1" at this 
time, the interrupt is executed, while if it is "0", the interrupt request 


is put on hold and normal instruction execution continues. 





Fig. 2-19 shows the flowchart of the Standby Mode. 


Oscillator Active 
Peripheral Clocks 
Active 

All Other Clocks 
Stop 


S. 


Cor 
SSF 
Gn Ch 
&, << 
a: 


Restart Restart 
Processor Clocks ‘Processor Clocks 
“<> 


Yes (c) 


(A) (B) 
Execute Interrupt 
Reset MCU 


(a) HMCS402, HMCS404, HMCS408 





Fig. 2-19 MCU Operating Flowchart 
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Oscillator Active - 
Peripheral Clocks 
Active 

All Other Clocks 
Stop 


Restart Restart 
Processor Clocks Processor Clocks 
No 


Yes (C) 


(A) (B) 
Reset MCU Execute | Interrupt | 
Instruction Accept 


(b) HMCS412, HMCS414 
Fig. 2-19 MCU Operating Flowchart 





(2) Stop Mode 7 | 

Executing a STOP instruction brings the MCU into Stop Mode, in which the 
oscillator circuit dad eueey function of the MCU stop. 

Stop Mode may be cancélled by resetting the MCU. At this time, as shown 
in Fig. 2-20, reset input must be applied at least to tpc for oscillation to 
stabilize. (Refer to "AC CHARACTERISTICS"). After Stop Mode is cancelled, 
RAM retains the state it was in just before the MCU went into Stop Mode, but 
the Accumulator, B Register, W Register, X/SPX Registers, Y/SPY Registers, 
Carry and Serial Data Replster may. not retain their contents. 


Stop mode 


Oscillator MM Pe AUVCUUUGNAAUNANQEQAQAGIANUNNTRCEQUNAIQUAUUALUOLTENGOAUUEEUUUAALLOGLEONI 
Pere | ee | ee 


RESET 


STOP instruction execution (more than stabilization time: tac) 





Fig. 2-20 Timing Chart of Recovering from Stop Mode © 
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3. INSTRUCTION SYSTEM 
3.1 RAM Addressing Mode 


As shown in Fig. 3-1, the MCU has three RAM addressing modes, i.e. Register 


Indirect Addressing, Direct Addressing and Memory Register Addressing. 


(1) Register Indirect Addressing 
The total of the W Register, X Register, and Y Register contents (10 bits) 


is used as the RAM address. 


(2) Direct Addressing 
The direct addressing instruction consists of two words, with the second 


word (10 bits) following the Op-code (the first word) used as the RAM 





. address. 


(3) Memory Register Addressing 
The Memory Register (16 digits from $020 to $02F) is accessed by executing 
LAMR and XMRA instructions. 


3.2 ROM Addressing Mode and P Instructions 
The MCU has four kinds of ROM addressing modes as shown in Fig. 3-2. 


(1) Direct Addressing Mode 
The program can be branched to any address in the ROM memory space by 
executing JMPL, BRL or CALL instructions. These instructions replace the 


14 program counter bits (PC13 to PCg) with 14-bit immediate data. 


(2) Current Page Addressing Mode 

The MCU has 8 pages of ROM (256 words per page). By executing a BR 
instruction, the program can be branched to an address in current page. 

This instruction replaces the low-order eight bits of the program counter 
(PC7 to PCg) with 8-bit immediate data. 

However, when BR is on page boundary (256n + 255), executing a BR instruc- 
tion transfers the PC contents to the next page according to the hardware 
architecture. Consequently, the program is branched to the next page when 
the BR on a page boundary is used. The outline is given in Fig. 3-3. The 
HMCS400 series cross macro assembler has an automatic paging facility for 


ROM pages. 
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(3) Zero Page Addressing Mode 

By executing a CAL instruction, the program can be branched to the zero 
page subroutine area, which is located in the $0000-S$003F address area. 
When a CAL instruction is executed, 6-bit immediate data is placed in the 
low-order six bits of the program counter (PCs to PCo) and "Os" are placed 


in the high-order eight bits (PC13 to PC6). 


(4) Table Data Addressing 
By executing a TBR instruction, the program can be branched to the 
address determined by the contents of the 4-bit immediate data, accumulator 


and B register. 


(5) P Instruction 

By executing a P instruction, ROM data addressed by Table Data Addressing 
can be referred to as shown in Fig. 3-4. When bit 8 in the referred ROM data 
is "1", 8 bits of referred ROM data are written into the accumulator and B 
Register. When bit 9 is "1", 8 bits of referred ROM data are written into 
the Rj and Rz port output register. When both bits 8 and 9 are "1", ROM 
data are written into the accumulator and B Register and also to the Rj and 
R2 port output register at the same time. 


The P instruction has no effect on the program counter. 
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W-Register X-Register Y -Register 


[NGG a a ENG Cg ee ee 
hediat 





RAM Address 







(a) Register Indirect Addressing 






Instruction 1st Word Instruction 2nd Word 








RAM Address 







(b) Direct Addressing 








Instruction 


RAM Address 


(c) Memory Register Addressing 






Fig. 3-1 RAM Addressing Mode 
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(JMPL} 
(BRL) 
(CALL) 
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Instruction 1st Word Instruction 2nd Word 


Program Counter }PCis PCi2 PC,; PCio PCy PCs PC, PC, PCs PCy PC, PC, PC, PCo 


(a) Direct Addressing 


Instruction 


OP Code by bs bs b, b; b.2 bi bo 


Program Counter PC,,; PC,, PC PCio PCy PC, PC, PCe PC; PC, PC; PC, PC, PCo 


(b) Current Page Addressing 


Instruction 
Program Counter PCis PCia PCi, PC io PC, PC, PC, PC, PC; PC, PC; PC, PC, PCo 


(c) Zero Page Addressing 


Instruction 


Program Counter PCis PCi2 PC is PCio PCy PCa PC1 PCe PCs PCy PCs PCa PCi PCy 





(d) Table Data Addressing 


Fig. 3-2 ROM Addressing Mode 





Fig. 3-3 





296in- 1) + 255 
256n 


256n + 254 
256n + 255 
256in + 1). 


The Branch Destination by BR Instruction on 
the Boundary between Pages 


Instruction 


(b) Pattern Output 


Fig. 3-4 P Instruction 
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323 Instruction Set 


The HMCS400 series microcomputers provide 99 instructions which are 


classified into 10 groups as follows; 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 


(Note) 


Immediate Instruction(Table 3-1) 
Register-to-Register Instruction(Table 3-2) 
RAM Address Instruction(Table 3-3) 

RAM Register Instruction(Table 3-4) 
Arithmetic Instruction(Table 3-5) 

Compare Instruction(Table 3-6) 

RAM Bit Manipulation Instruction(Table 3-7) 
ROM Address Instruction(Table 3-8) 
Input/Output Instruction(Table 3-9) 

Control Instruction (Table 3-10) 


In the HMCS412 and HMCS414, there is not the STS instructions, 


because these ones have not the serial interface. 
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Table 3-1 Immediate Instruction 


WORD. 
OPERATION MNEMONIC } OPERATION CODE | FUNCTION | STATUS a 
YCLE 
Load M f ( diat ID i,d U OT O 13 12 1: 1b ; M 
So ld tal A CM LTT a EZ 
Load Memory from Immediate. IncrementY | LMIIY i 10100 1 i3 t2 i to [1--M,Y +1 —¥) NZ | 1/1 
















0001001000 
0011001000 


001010111 ~41 YA 1/1 


1 





WOR- 
MNEMONIC | OPERATION CODE FUNCTION STATUS eve : 
L 


[ead Wirom inmedate | whi [00itit00nn| ow || 
[oad Xtrom immediate [ UR [VO001Onunw[ HX | 
toad Y from immediate | 1 [100001 wunw| e—¥ | 
load Xtom A ——SSC*d CA“ TOV 000[ A | 
lewd ViremaA «tA “foo 10t1000[ AY | _[17 
increment —SSSCSC*CO if OTOT TOO vat | we [I 
DecrememtY YY «ifoovvO tit] vv] NB [I 
peahioy iY 
Eachange Kend SPX 







Exchange X and SPX | xsPpx [0000000001[ x--SPx | = [1/1 










1,1 
1/1 


Exchange Y and SPY XSPY 0000000010 Y¥«+SPY 


Y and SPY XSPXY 0000000011 





Table 3-4 RAM Register Instruction 


OPERATION MNEMONIC | OPERATION CODE FUNCTION | STATUS} 7 
amon) [OOTOOTOOyx| MASH | 
OT100T0000 = 
LAMD | dsdedr de ds da ds dz ds do ee ee 
LBMIXY) [00010000yx | M=B.(ySy) [| 





















Load A from Memory 


N —_ 
N —_ 








1/1 
Load Memory from A LMAIXY) [OO100101yx | AMES) | fast 
Load Memory from A 2/2 


O1100T0T00 a 
LMAD d | Oi dedrdsdedednararde | ATM | 
LMAIY(X) }000101000x |A—M,Y + 1-+Yix- -sPx) | NZ 
LMADY(X) |001101000x |A-MY-—1-—-Yix--SPx) | NB | 
XMA(XY) |00100000yx M.A, (X:7$6%) Kes of 1 
XMAD d 0110000000 MoA 2 
Gg Gg G7 Ug Gs Ga d3 G2 ds do 


Sis 


Load Memory from A, Increment Y 






Load Memory from A, Decrement Y 





Exchange Memory and A 


SIS 
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Note) (XY) and (X) have the meaning as follows: 


(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each. 
(example of LAM (XY) is given below.) The op-code X or Y is assembled as 
follows. | 


MNEMONIC FUNCTION 










MO 
taux fo fe 
[amy [a of vesey 
[cawxy [ait | XS8Px, YeePy | 





(2) The instructions with (X) have 2 mnemonics and 2 object codes for each. 


(example of LMAIY(X) is given below.) The op-code X is assembled as 
follows. 







MNEMONIC pox | FUNCTION 
iMAY | 0 


Table 3-5 Arithmetic Instruction 


OPERATION MNEMONIC | OPERATION CODE FUNCTION | STATUS wee 


Add Immediate to A 10100 0is iz is io 























Increment B 


foooroo11o0] a+ime | Nz | 

Decimal Adjust for Subtraction foo10101010/ {fit 

fooorrooooo| Aviva |_| 171 
ee 





B | 

B-B 

Rotate Right A with Carry ROTR 0010100000 ens etl 
Rotate Left A with Carry. ROTL 0010100001; = | | 

Add A to Memory PEEELERED) 


: M+A+CA-+A 
A 1 
dd A to Memory with Carry AMC 0000011000 OVF>CA 
: 01000110 M+A+CA-—-A 
AMCO: 's Ode dt dade ta Ga do dr So OVF->CA. OVF dies 
M-A-CA—A 
1 11000 : 1/1 
Subtract A from Memory with Carry 00100 6) NB>CA pone | 171 
0110911 M-A-CA-+A 
SMeco : Ja de ds ds de da dr Go _ NB>CA pone | 2/2 
AND Memory with A | ANM 0010011100{ ACMA {| NZ { 1714 
. ; O) ‘OQ 1tQQ ~\ 
AND Memory with A ANMD d | oa eos dadade dr dp 2/2 
OR Memory with A {| ORM, {0000001100} AUM-A 1/1 
= OTOO00 ome oy 











Subtract A from Memory with Carry 
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Table 3-6 Compare Instruction 


WORD 
MNEMONIC | OPERATION CODE | FUNCTION | STATUS oe 
YC.g 


immediate Not Equal to Memory INEM i 00001 0131211 to 1/ 
immediate Not Equal to Memory | WewD va [STOOLS R YT | 17m 7 
i7 

NZ 






OPERATION 


















NO 
NE — 


— 


B Not Equal to Memory BNEM 
oe LTS AS 
Immediate Less or Equal to Memory PILEM i = [OO0OOltaito | 1-M | NB | 

M 


A Less or Equal to Memory ALEMD d aca ara a i A ] “4 
B Less or Equal to Memory BLEM 0011000100 | BM | 







N 
N 


—_ _ NO 
=| —1| ht 










OPERATION MNEMONIC | OPERATION CODE FUNCTION {STATUS 
; 011 1 
Set Memory Bit | SEMO nd [OY OOS] tM) | 









Teena OM 2/2 


01100011 nin 
TMD n.d | Godsdreecetedsdgrce) | Mint 272 | 





OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS 

Branch on Status 1 1 1 brbebsbabab2b:bo fie 4 
Long Branch on Status 1 ds tech de dita, duc a 
[ong -mp Unconditional | awa o [Ceo aL eee) 
Subroutine Jump on Status 1 CAL a |01 1 1 a5a483a2a1a0 ae ae 
Long Subroutine Jump on Status 1 CALL u 943 VACA ara Re a 
RTN aa ee 


| RIN = |0000010000 


Table 3-9 Input/Output Instruction 


SeiDacrie/Otsch | 9 foorrioorod| wom [ [vt 

Set Discrete VO Latch Dvest | SEOD_m [TO 111 Ommmm| Tom [| 

Reset Discrete VOtawh | AED [OOOTT O10) OOM | 

Reset Discrete /O Latch Best | REDD m [10.011 0 mmmm| O-Dim |_| 

Load A from R-Port Register LAR m Rim)-—-A eae 
oa 
m 















CA RESTORE 


















4001 00 mamamimo 
| LRA om | 1 011.01 mymamimo| A—-Ri(m) 


Load B from R-Port Register 
Load R-Port Register from A 
Load R-Port Register from B 





1011.00 msmemimo| B—-R(m) ae 


Pattern Generation 
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Table 3-10 Control Instruction 


OPERATION | MNEMONIC | OPERATION CODE FUNCTION 
No Operates ——~=~S~*t~COP «dP OB SOGOOD | 


| STOP 0101001101 eae 













Table 3-11 Op-Code Map 





anes neta “re a ee i a tg 


1 


0 ” ; 
6{7{elsjalelcjolelrjoj1[2)3) 4/5) 6j7] 8) |B) ci oj e|F 
















{Ropes Ot | 213 | 
ea ee ee ae), el 
So ea ea ee Be Ea a Pel = ; 
INEM (4) INEM u4 
ae WEMD 4) 
LBM(XY) coms] [OR] I sts} “| svi st0r] | 


| tBMixy) | | 18] 
a ee 






XMA(XY) 


SEM n(2) | REM ni2) | imo] id 
asl Pe, eh. eh. Pe 





| 





XMBIXY) BEM) | 
many) _—~ |sw| 
rol so : 
Pew | 
LBI 
LYI 
LX] 
LAI 
LBR 
LAR 
REDO 
LAMR ; 
| 8 | Ai 
a 
PA TDD 
etd 
Cc LRB 
| O | LRA : 
Pe] SEOD 
| F | _. XMRA 
... 1-word/2-cycle an 7). 1-word/3-cycle a j. RAM Direct Address Vode 2-word/2-cycle 
Instruction : ocarears Instruction 7 Instruction Instruction 


(2-word/2-cycle) | 
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3.4 Instruction Table 


Three kinds of instruction tables are shown to explain the instructions 


which construct Instruction System of the HMCS400 series. 


3.4.1 Functional Table 


Instructions are classified by function. The table shows mnemonic 
code and simple explanation of the function, and shows functional com- 


parison between HMCS40 series and HMCS400 series. 
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REGISTER © 
TO REGISTER 


RAM ADDRESS 









REGISTER 
TO RAM 


IMMEDIATE 


ARITHMETIC 
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CATEGORY MNEMONIC 
LAB 







LAM (XY 
LAMD d 
LBM (XY) 
XMA (XY) 
XMAD d 

XMB (XY) 
LMA (XY) 
LMAD d 

LMATY (X) 
LMADY (X) 


FUNCTION _ | STATUS 






































* 

x 

* 

* 

* 

* 

A => ® 
A -= * 
i— co 
| _ * 
i—- * 
Yr4 NZ * 
Y- 1 NB * 
Y+ta OVF x 
Y-A NB * 
X * 
* 

X <-> SPX, Y <> SPY * 
M — A, (X<->SPX, Y<>SPY) . 
M(d) —> A * 
M — B, (X<—-SPX, Y<—SPY) x 
M — A, (X<—>SPX, Y<—>SPY) x 
M(d)-—» A * 
M <> B, (X<—->SPX, Y<—SPY) x 
— M, (X<>SPX, Y<~> SPY) * 
M(d) x 

M, Y+l—Y, (X<«~SPX) NZ * 

(X <>SPX) NB * 






> A 
—> B 
— B 


SW Pipe Be He HD DD 


+A+CA — A, OVF — CA 
M(d) + A + CA—*A, OVF-—>CA 
M- A- CAA, NB —CA 
M(d) - A - CA—» A, NB - CA 
M+A >A. 

M(d) +A —> A 

Decimal Adjust (Add) 

Decimal Adjust (Subtract) 









Rotate Right A with Carry 
Rotate Left A with Carry 
AUB —~A 

ANM ~A 

A Nn M(d) — A 

AUM — A 

AuM(d) — A 

A@M >A 

A@MM(d) > A 









a ee ee ee ee ee | 









* * 





400 | 40 | 
x x 





+ HH 


eee He He He F 








FF EF ee ee He He F 


(to be continued) 












COMPARE 






RAM BIT 
MANIPULATION 


INTERRUPT 












CONTROL 


OCOYr RF PDP PPR KP PPP 





Test M(n) 
Test M(d, n) 
Branch on Status 1 














Long Branch on Status 1 1 
Long Jump Unconditionally 

Subroutine Jump on Status 1 1 
Long Subroutine Jump on Status 1; 1 





Table Branch 

Return from Subroutine 
Load Program Counter Upper 
on Status l 


eS ee ee a 2 



































i — Timer/Counter 
A — Timer/Counter 
Timer/Counter — A- 
Return from Interrupt 
1 —> D(X) 
Oo — D(Y) 
Test Discrete I/O Latch D(Y) 
1 — D(n) 

0 — Dm) | 

Test Discrete I/O Latch Dm) 
R(m) — A 

R(m) — B 

A — R(m) 

B — R(m) 
Pattern Generation 
No Operation 
Start Serial 
Standby Mode 
Stop Mode 












1 — I/E * 
1 — IFO Ok 
1 — IF1 * 
1 — TF * 
1 — CF * 
O — I/E * 
O -— IFO * 
O — IF1l _*% 
O — TF * 
O — CF * 
Test INTO * 
Test INT1 * 
Test IFO * 
Test IF1l * 
Test TF * 
* 
* 
* 
* 
* 
* 
x 
* 
* 

















i ee ee ee 









+ 1H HH FH OH OH OH OH OH HL 






* 
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3.4.2 Alphabetical Order Table 


ae i 
LAM (XY) 
LAMD d 


LAMR mm. 


LAR om 
LASPX 
LASPY 
LAY 
LBA. 
LBI i 


LBM (XY) 
LBR-m 
“LMA (XY) 
LMAD d 
LMADY (X) 


LMATY (X 
LMID i 
LMIIY 

LRA m 
LRB m 
LWI i 


Instructions are arranged in its mnemonic code's alphabetical order. 


| MAVEMON IG OP CODE FUNCTION STATUS Wed 


10-1000-. 
10-1011-. 
00-0001- -0100 
01-0001-0100 
| 00-0000-1000 
01-0000-1000 
00-0001-1000 
01-0001-1000 
00-0000-0100 
01-0000-0100 
00-1001-1100 
01-1001-1100 
00-0101-0100 
00-1100-0100 
00-0100-0100 
ioe eee are eee 
O1-O111-.... 


00-1010-0110 
00-1010-1010 
00-1100-1111 


10- O0ll-.... 
00-1001-00.. 
01-1001-0000 
10-Olll-... 
10-0101-.... 
00-0110-1000 
00-0101-1000 
00-1010-1111 
00-1100-1000 
10-0000-.... 
-00-0100-00.. 
10-0100-.... 
00-1001-01.. 
01-1001-0100 
00-1101-000. 
) 00-0101-000. 
yd 01-1010-.... 
i 10-1001-.... 
10-1101-.... 
10-1100-.... 
00-1111-00.. 





W/C --- “ Word/Cyele 
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} wta + 


+ CA — A, OVF > CA 
A +CA—>A, OVF — CA 


DWM r rrr ZS PY Pe 


MIs + DP DHWA+ BH 


Branch on Status 1 
Long Branch on Status 1 


Subroutine Jump on Status 1 






Long Subroutine Jump on Status 1 
Bo B 
Decimal Adjust (Add) 






Decimal Adjust (Subtract) 


Bee 






ope lore 1111 Y-l-> 
: EORMD d O1l- ~0001- 1100 A ® ee Nz 2/2 

00-0100~-1100 + 1 

a 00-0011-. <M 

ILEMD i,d O1l- OOll-... : <M a 

INEM i 00-0010-.... # M NZ 

ne i,d 01-0010-. 4M ue 
00- =0101- 1100 + 1 


, (X<—>SPX, Y<—>SPY) 
—> B 
M, (X«+—>SPX, Tess) 
M(d) 
M, Y-l << Y, 
M, Y+l <— Y, 
M (d) 
M, Ytl <> Y 
R(m) 
R(m) 
W 


(Xx <> s8x) 
(X <—> SPX) 


eee eee ee 





(to be continued) 


| NEGA 00- =0110- 0000 
00-0000-0000 









l/l 


1/1 
1/1 
1/1 








01-0100-0100 
00-0000-1100 
01-0000-1100 







BED d 








00-0110-0100 
1O0=0110=.3 4: 
00-1000-10.. 
01-1000-10.. 
00-1010-0001 
00-1010-0000 
00-0001-0000 
00-0001-0001 
01-0100-1100 


































































Rotate Left A with Carry 
Rotate Right A with Carry 
Return from Subroutine 

Return from Interrupt 
Standby Mode 














00-1110-1111 1 — CA 
00-1110-0100 1 — D(Y) 
10-11 10=s6..- 1 — D(m) 
00-1000-01.. 1 — M(n) 
01-1000-01.. 1 — M(d,n) 


00-1001-1000 

01-1001-1000 

01-0100-1101 
~ 01-0100-1000 
00-1101-0100 
OO=L0Llasa5s 
00-0110-1111 
00-1110-0000 
LOT LOLO Meter 
00-1000-11.. 
01-1000-11.. 
00-1000-00.. 


M- A- CA — A, NB — CA 
M(d) - A- CA — A, NB ~ CA 
Stop Mode 

Start Serial 

Y= Ao YX 
Table Branch 
Test Carry 
Test. Discrete I/O Latch D(Y) 
Test Discrete I/O Latch D(m) 
Test Memory Bit M(n) 
Test Memory Bit M(d,n) 
M <> A, (X<>SPX, Y < SPY) 




































01-1000-0000 M(d) — A 

00-1100-00.. M <> B, (X<—SPX, Y<—SPY) 
10-11ll1-.... MR(m) <> A 

00-0000-0001 X <—> SPX 

00-0000-0011 X <—> SPX, Y <> SPY 





00-0000-0010 YS Sey 
WET_f[_00-O111-.... 


W/C---Word/cycle 
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3.4.3 Object Code Table 


Instructions are arranged in object code order. 


OP-CODE MNEMONIC FUNCTION STATUS 


00-0000-0000 | NOP No Operation 
































































00-0000-0001 XSPX X <—> SPX 
00-0000-0010 XSPY Y <> SPY 
00-0000-0011 XSPXY x > SPX Y <— SPY 
. 00-0000-0100 | ANEM 
00-0000-1000 | AM 
00-0000-1100 ORM 
00-0001-0000 RIN Return from Subroutine 
00-0001-0001 RINI Return from Interrupt 
00-0001-0100 | ALEM As M 
00-0001-1000 | AMC M+A+CA — A, OVF — CA 
00-0001-1100 | EORM A®M —>— A 
00-0010-.... INEM i i #M 
OO-O0Ol1-.... ILEM i i<mM 
00-0100-00.. cents M — B, (X<->SPX, Y <>SPY) 
00-0100-0100 BNEM BF#M 
00-0100-1000 B 
00-0100-1100 B 





00-0101-000. 
00-0101-0100 
00-0101-1000 
00-0101-1100 
00-0110-0000 
00-0110-0100 

- 00-0110-1000 









































































































00-0110-1111 Test Carry 

OO-Olll-.... Y#i 

00-1000-00.. M <—> A, (X<—SPX, Y<—>SPY) 
00-1000-01.. i 2s MG) 

00-1000-10.. 0 — M(n) 

00-1000-11.. Test Memory Bit M(n) 
00-1001-00.. | LAM(XY) M — A, (X <> SPX, Y + SPY) 
00-1001-01.. | LMA(XY) A — M, (X < SPX, Y — SPY) 
00-1001-1000 | SMC M- A-CA — A, NB — CA 
00-1001-1100 | ANM ANM-—~> A 

00-1010-0000 | ROTR Rotate Right A with Carry 
00-1010-0001 |; ROTL Rotate Left A with Carry 
00-1010-0110 | DAA Decimal Adjust (Add) 
00-1010-1010 | DAS Decimal Adjust (Subtract) 
00-1010-1111 | LAY Yo A 

OO-1011-.... TBR P Table Branch 

00-1100-00.. | XMB(XY) M <—>B, (X<—>SPX, Y<—>SPY) 
00-1100-0100 | BLEM BsM 

00-1100-1000 A — B 

00-1100-1111 Boe lk = B 

00-1101-000. A — M, Y-l — Y, (X <> SPx) 
00-1101-0100 Y-A —> Y | 
00-1101-1000 A> Y 

00-1101-1111 Yo 1. See oY 

00-1110-0000 Test Discrete I/O Latch D(Y) 
00-1110-0100 1 — D(Y) 

00-1110-1000 A — X 

00-1110-1100 0 — CA 

00-1110-1111 1 





—* CA 
W/C --- Word/Cycle: | ee: | (to be continued) 


58 HITACHI 






00-1111-00. 
01-0000- 0100 
01-0000-1000 
01-0000~-1100 
01-0001-0100 
01-0001-1000 
01-0001-1100 
01-0010-.... 
O1-0011-.... 
01-0100-0000 
01-0100-0100 
01-0100-1000 
01-0100-1100 
01-0100-1101 
O1-O101-.... 
01-0110-.... 
OL-OTLIL= 23 
01-1000-0000 
01-1000-01.. 
01-1000-10.. 
01-1000-11.. 
01-1001-0000 
01-1001-0100 
01-1001-1000 
01-1001-1100 
OLl-TO10=s 6 
OL=TO11 ia. x 
Od lie. 
10-O0000-.... 
10~-0001-.... 
LO=0010=%2:5% 
10-O011-.... 
10-0100-.... 
10-O101-.... 
10-0110-.... 
LO=O0 bil ssc 
10-1000-.... 
LO=100L Sees 
1O=1LO1TO0S632.¢ 
10-1011-.... 
10=1100-..4.... 
LOLOL 5 s9-s 
LO=11 10-6. 
LOST wc 
LL Siene aes 




















= 
og 
PeEAaAaAnRARAF. 
















































as --- eae 


























OP-CODE MNEMONIC FUNCTION 


# CMa A 

+M(d) > A 

UM(d) > A 

< M(d) 

(d) +A +CA — A, OVF — CA 
®M(d) — A 

# M(d) 

= M(d) 

—> B&B 

AUB-~> A 

Start Serial 

Standby Mode 

Stop Mode 

Long Jump Unconditionally 
Long Subroutine Jump on Status 1 
Long Branch on Status l 

M(d) <> A 

1 — M(d,n) 

0 — M(d,n) 

Test Memory Bit M(d,n) 

M(d) > A 

A — M(d) 

M(d) - A- CA -> A, NB — CA 
AN M(d) —~ A 

i — M(d) 

Pattern Generation 
Subroutine Jump on Status 1 


eh eee ae 


i—- M, Ytl > Y 

Test Discrete I/O Latch D(m) 
AS. 4 

B — R(n) 

A — R(m) 

1 —> DW) 

MR(m) <— A 
Branch on Status 1 





1/1 
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4. PIN ARRANGEMENT AND PACKAGE DIMENSION 


4.1. Pin Arrangement (Top View) 


R31 
R32/INTo 


Ra3 /INT) 


Riso 


(DP-64S) 


O12 
Di3 
Dia 
Rat/Vaisp 
Roo 
Ro: 
Roz 
Ros 
Rio 
Ri 
Ri2 
Ri3 
R20 
Ra 
R22 
R23 
R30 
Ra 
R32/INTo 
R33/INT) 
Vec 


(DP-42, DP-42S) 
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4.2 Package Dimension 
Unit : mm (inch) 


57.6(2.268) 
58.6max.(2.307max.) 


(0.669) 
18.2max. 
(0.71 7max.) 


(0.020min.) 
(0.200max.) 


0. 2579. os 
(0.01058: 882) 


1 ' 
| | 1.778 +0.25 mini 


(0.070 + 0.010) (0.019 + 0.004) 


pa 
Ce 
cg 
s& 0 
So 
Nm 
oS 
— 


25.6 + 0.4(1.008 + 0.016) 
20.0(0.787) 


S| 33 


(0.1 | 4max.) 


14.0(0.551) © 
(0.772 + 0.016) 


UA 


Nh 
fom ] 


a 


1+0.15 0.35+0.1 
(0.039 + 0.006) (0.014 + 0.004) 


A, 9.012) 


17 £0.3(0.067 
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52.8(2.079) 
54.0max. (2.126max.) 


(0.528) 
14.6max 
(0.57Smax.) 


(0.600) 


| 1.2 
(0.047) 


(0.020min.) 





2.54min. $.08max. 
(0.100min.) (0.200max.} 


2.54+0.25 0.48+ 0.1 
(0.100 + 0.010) (0.019 + 0.004) 


Lope 
x 
Bs) 
E 
wm 
~ 
ol 
So 
— 


= 
Bs 
ole 
“| wo 
ols 
wzi— 


15.24 


| (0.600) | 


ited 


(0.020min.) 
5.08max. 


(0.200max.) 


1.778 +0.25 | 
(0.070 + 0.01) (0.019 + 0.004) 


2.54min. 
(0.100min.) 
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5. ELECTRICAL CHARACTERISTICS 
9.1 HMCS402/404/408 Absolute Maximum Ratings 


—0.3 to +7.0 


Supply Voltage 


Terminal Voitage ee 3 
i. ~45 to Vcc +0. 3 4 
Total Allowance of Input Currents ae ee 5 
Total Allowance of Output Currents | -Zlo | 150 | mA 6 
Maximum Input Current [to 5 md 
Pp CU m8 10 
Maximum Output Current a ee ee 9,11 
> == 9, 12 
Storage Temperature —55 to +125 ——— 





(Note 1) Permanent damage may occur if ‘‘Absolute Maximum Ratings” are exceeded. Normal operation should be under the conditions of 
“Electrical Characteristics”. if these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 

(Note 2) All voltages are with respect to GND. 

(Note 3) Applied to standard pins. 

(Note 4) Applied to high voltage pins. 

(Note 5) Total allowance of input current is the total sum of input current which flow in from all 1/O pins to GND simultaneously. 

(Note 6) Total allowance of output current is the total sum of the output current which flow out from Vcc to all 1/O pins simultaneously. 

(Note 7) Maximum input current is the maximum amount of input current from each |/O pin to GND. 

(Note 8) Applied ta D, — D; and R3 — R8. 

(Note 9) Maximum output current is the maximum amount of output current from Vcc to each 1/O pin. 

(Note 10) Applied to Dp — D3 and R3 — R8. 

(Note 11) Applied to to RO — R2. 

(Note 12) Applied to D, —D,,;. 
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] 
1 
| 


5.2 HMCS402C Electrical Characteristics 
(1) DC Characteristics 


Wec= =4V to 6V, GND=OV, oe -40V to Vcc, Ta=-20 to. +75°C, if not specified. ) 


| ale 
si _[ symtot | pinmame | testcase | aaa = 
ve [ma 
aaa Pars | = [ves | ¥ 
0.7V Vect0.3 Vv 
Herta ot ba ef Oe |) Weer V 
fos; | SS*d «(ee O85[ — | Vecv | V_| 
RESET, SCK . 
’ : ’ Y V 
(one nes oreo Bs 
| aaa Seo 
Output “High” | SK es a He a 
Voltage . lon = 0.01 mA [Vee-o3t = [ - | v4 
Out t “Low” : 
RESE 
Input/Output ss 
Nel INT. Pe OV to Voc = pA 1 
Leakage Current co SI, SO, Osc, 
a Crystal or er 
Ceramic Filter Steg 
Current Oscillator = ee 2.0 mA 2,6 
Dissipation in lee Vec 
Active Mode 
Resistor 
eee 
Ceramic Filter 
Maximum | Oscillator 3,6 
IsBy1 Vec Boni 
peration 
Vec = 5V_ [Resistor 
Oscillator nik 36 
Current H ‘ 
Dissipation in 
Standby Mode 
ad Ceramic Filter 
-— Oscillator 4,6 
| Minimum | Option 
| V ogic foe. =4MH 
SEZ ef Operation me 2 
Vec =5V_ | Résistor 
Oscillator 4.6 
Option ' 
fog: = 4MHz 
Current reed 
Saka are ae Vin(TEST) = Vec-0.3V to V 
Dissipation Vv in cc" cc A 
Stop Mode 
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(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; @ RESET, TEST ... Voc voltage 
e 0o— D3, R3— RY --- Veg voltage 
eD.—D,s5, RO R2, Rao, Ray ... Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; © Standby Mode 
® tnput/Output; Reset state 
@ TIMER-A; =2 prescaler divide ratio 
® TIMER-BS; =2 prescaler divide ratio 
@ SERIAL Interface : Stop 
Pin state; @ RESET ...GND voltage 
® TEST --- Vog voltage 
®Do— D3, R3—R9Y --- Veg voltage 
®0.— Dis, RO—R2, Rap, Rai -: Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
© Input/Output; Reset state 
® TIMER-A; +2048 prescaler divide ratio 
© TIMER-6; +2048 prescaler divide ratio 
® SERIAL Interface ; Stop 
Pin state; ® RESET.... GND voltage 
@ TEST ... Voc voltage 
®0,—D;, R3~R9..- Vec voltage 
©0.—D,s, RO~R2, Rag, Ray - Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 
(Note 6) When fog-=x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 








" max. value (fog.=x [MHz] ) -ix max. value (fog-=4 [MHz] } 


(2) Input/output characteristics for standard pin 
(Vcc=4V to 6V, GND=O0V, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C. 1f not Speciried. ) 


clea aed eee tee ee 


Input “High” Do —D3, 

Voltage cm R3 — R5, *: Saaia 0. <x ee Vv 
Input “Low” vu dR ead D3, 

Voltage pve Re: R5, RO 0.22Vcc 


1 
Voltage Do Ds. 
R3—RB8 —lon = 0.01 mA Vec—0.3 1 
Output “Low” Wes. | | — Ds, _ 
ie ec 
Input/Output Do — D3, ie - ; 
3 


Pull-Up MOS Do — Ds, Vec = 5V LA 
Current R3 — R9 Vin = OV 
(Note 1) Applied to I/O pins with “CMOS” Output selected by mask option. 


(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins with “with Pull-up MOS” selected by mask option. 
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(3) Input/output chavseteriavies for high voltage pin. 
(Vcc=4V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc; Ta=-20 to +75°C, if not specified.) 


Value 
item Symbol ol icin Test Conditions. Unit Note 
vp re 


Input ‘High’’ Da — Dis, R1 
Voltage a Rao, Ras 


Input “Low” -Dis, 
Woe | ve [RRR] vee | | 0 
Eee 


—loH=15mA, Voc =5Vt10%} Vec—3.0 
Output “High” —loH=9 MA vecn*. 0 
a ac 


—Ton=3 MA, Voc =5V210% 
“Ign 18m east to 


—Dis 
cent |, [eae] verve Soe ka 


Vor 





=_ 


voltege roa 150k to | TBOKR to Vee—AOV | ~40V | Veo=37 | 2 
Input/Output tte | —Dis 
Leakage be a R2 = Vec—40V to Vec 3 
Current Age Rai 

4 


Pull Down MOS pel Vaio = Veo—35V ‘ 
Current Rag RKi Vin = Vee uM 


(Note 1) Applied to 1/0 pins with “with Pull-down MOS” selected by mask option. 

(Note 2) Applied to I/O pins with “without Pull-down MOS (PMOS Open Drain)" selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with ‘‘with Pull-down MOS” selected by mask option. 
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(4) AC characteristics 
(Vcc=4V to 6V, GND=0V, Vdisp=¥cc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


| Test 
— gue inmiame | conitons [aan —[ ame] Unit | bi 
Son Ml 


Oscillator Stabilization 
wenn [ue | ao ieee HE : 


ne eens 3 


[external Glock Frewueney | fer | 08,4 Sid? | | me | 


Crystal or 
Ceramic Filter 
Oscillator 


Resistor 
Oscillator 








External Clock “High” 
0 External Clock “Low” 
& [extemal Clock Rise Time [tee | 08 +| | - {| - | % | ™ | 2 
gg IS a a CST 
Hck CO RSI 
INTo “High” Level Width [ton | INTo = =| CT 2 CK 3 
INTo “Low” Level Width es a a a tye | 3 
INTi “Low” Level Width as eee ee eo oe 
RESET “High” Level Width | tasr | RESET | —+|| 2 | - | - | te | 4 
a Ce ed 
in 
RESET Fall Time. fires [CT CE CT | hf Os 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.0V at “Power-on”, or after RESET 
input level goes to ‘‘High’’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than tre to obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker’s advice because oscillator © 
stabilization time depends on the circuit constant and stray capacity. 


Crystal oscillator Ceramic filter oscillator Resistor oscillator 





Crystal osc, 
Rf 
Osc, 
GND 
Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata) Rf : 20k2+2% 
Rf: 1MQ +2% Rf : 1MN+2% 
Ci: : 22pF+20% C: : 30pFt20% 
C2 : 22pF+20% C2 ; 30pF+20% 
(Note 2) (Note 3) 





Vec-0.5 





Osc, 


tCPr (CPt 


(Note 4) 


RESET 
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(5) 


Serial interface timing characteristics 


(Vcc=4V to 6V, GND=OV, Vdisp"¥cc- -40V to Vcc, Ta=-20 to +75°C, if not specified, ) 


At Transfer Clock Output 


Item © 


Transfer Clock Cycle Time 


Transfer Clock ‘‘High’”’ 
Level Width 


Transfer Clock “Low” 
Level Width 


Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 


At Transfer Clock Input 


Item 


Transfer Clock Cycle Time 


Transfer Clock “High” 
Level Width 


Transfer Clock ‘“‘Low” 
Level Width 


Transfer Clock Rise Time 


Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 


SCK 


so 


SI 


Vee —2.0V(0.7Vcc 1 
0.8V(0.22Vcc) * 


fem | Now 2 fnew [os | To 
=e ae 
rem 


i tsext | Kf 


Test | 
career [min Te ee ana mi 
SS ee Pen 

tseye 1,2 


Test pValue 


conto ai We ae] OM 


Note 


fee [Rt RK ee 
ee ee 







0.22Vcc 
* Vcc — 2.0V and 0.8V are the threshold voltage for transfer clock Output. 
0.7 Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 
Vec 
Ry =2.6kQ 
Test 
Point 
Cc R 1$2074@ 
30pF 12k. oF Equiv. 


lec (mA) 





fosc( MHz) 


Icc vs. fo,-Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 





fosc( MHz) 


Icc vS. fose Characteristics 
(Resistor Oscillator Option) 


Ta=—20~-+75%T 
Vec =5V 


Issy1, Isav2(mMA) 





fosc( MHz) 
Isgy vs. fosc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 








Isey1, [sav2(mA) 


. 


Ta=-—-20~+757T 
fosc = 4MHz 





Vec(V) 


lec vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 





Vec(V) 


loc vs. Vcc Characteristics 
(Resistor Oscillator Option) 





Vec(V) 
Isgy vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 
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“Ta=—-20-+75€ 
fosc =4MHz | 


Issy1, Isay2(mA) 


Issy1, Isav2(mA) 





_ fosc(MHz) 


~— Vec(V) 
Ispy VS. fosc Characteristics | Ispy vs. Vcc Characteristics 
(Resistor Oscillator Option) 


| (Resistor Oscillator Option) 
ta=-20-+75e | | | | | 
nee ae eee 








O 2 





Vec(V) 
-lp (Pull-up MOS Current) vs. 
Vcc Characteristics 


Vec — Vdisp(V) 
1g (Pull-down MOS Current) vs. 
(Vcc — Vadisp) Characteristics 


lo min.(mA) 





1 2 3 
Vo.(V) _ Vec — Vou(V) 

lo: Min. vs. Voy Characteristics _ low min vs. (Veo — Von) Characteristics 

(Standard Pin) (Standard Pin ““CMOS”’) 
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—lon min. (mA) 


Vec — Von(V) 


-lonH min. vs. (Vcc — Von) Characteristics 


(D, et Dis Pins) 
















Ta=—20~+75€ LL pate 





5 3 rt AC ge Vec=4V 
Cc | 
enaeZa0 fF 

=x 

= 2 


WAL 
AA A || 


oe me 


-lonH min. vs. (Vcc — Von) Characteristics 
(RO ~ R2 Pins) 


HITACHI 71 





5.3 HMCS402CL Electrical Characteristics 


(1) DC characteristics (Vcc=2.7V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc; Neaeee to +75°C, 
if not specified. ) 


eae ae 
typ 


Input “High” a= INTo, INT: 





i A oe 


Input ‘‘Low”’ 


Voltage 
a aa 


Output “High” a 
















Output ‘‘Low” 
Voltage SOKs0 flu=04mA Hous 04me anes 
Input/Output — 
Current 
Dissipation in lec 2,6 
Active Mode 
Maximum Logic Operation 

Issy1 | Vcc Veco =3V 3,6 

Current fose = 2 MHz 






Dissipation in ~~ 
Standby Mode Minimum Logic Operation . 


Ispy2 Vcc Vec =3V 





fosc = 2MHz 
Current Panes 
ener Vin (TEST) = Vec-0.2V to V 
Dissipation in Vec e ~ oC ce uA 5 


Stop Mode 


(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; ® Reset state in Operation Mode 
Pin state; @ RESET, TEST ... Vcc voltage 
e 0,—03, R3—RY--- Veg voltage 
e0,~—D,s5, RO-R2, R no: Rai: Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; @ Standby Mode 
@ Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
® TIMER-B; +2 prescaler divide ratio 
@® SERIAL Interface ; Stop 
Pin state; @ RESET ...GND voltage 
© TEST --- Voc voltage 
®D,—D;, R3—R9 --- Vee voltage 
®0,-—D0,;, RO-R2, Rag. Rai- ‘Vdisp voltage 
(Note 4) The:timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
®@ Input/Output; Reset state 
@ TIMER-A; +2048 prescaler divide ratio 
® TIMER-8; +2048 prescaler divide ratio 
@® SERIAL Interface ; Stop 
Pin state; ® RESET ... GND voltage 
e TEST ... Vcc voltage 
© 0, —D;, R3—R9 --- Vo voltage 
©0,—0;s, RO— R2, Rap, Rai -: Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 
(Note 6) When fog-=x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 





[When Divide-by-8 (D-8) option is selected.] max. value (fog¢=x [MHz] } =3 x max. value (fogc=2 [MHz] ) 
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(2) Input/output characteristics for standard pin 
(Vcc=2.7V to 6V, GND=0V, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


Item Symbol Test Conditions er ee Note 
Input “High” Do — D3, 
Voltage Ee R3 — R5, RO 0.85Vcc Vect0.3 
Input ‘“‘Low” Do — ee 
Output “High” Do - Ds. 
Voltage a R3—R8 —lon = 0.1 mA Vec-0.5 





—_ 


Output “Low” Dy — D3, 

cer fie [as eee | De |v 

Input/Output 

se 
Do — Ds, ycc. 7 3V 

Pull-Up MOS R3 — R9 Vin= OV KA 3 





Current Do — Ds. Voc = 5V i 
R3 — RO Vin = OV 


(Note 1) Applied to !/O pins with “CMOS” output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins ‘‘with Pull-up MOS” selected by mask option. 


Ww 


(3) Input/output characteristics for high voltage pin 
(Vcc=2.7V to 6V, GND=O0V, eee to Vcc, Ta=-20 to +75°C, if not specified. ) 


deal sla ce a Aa a ian eee 


Input “High” Da — Dis, R1 
Voltage R2, Rao, a 
Input “Low” 


Voltage 


oO 
co 
on 
< 
'?) 
oO 
< 
a 
oO 
+ 
oOo 
wo 
< 


D4 — Dis, R Te 
re ee Roe 


5 [LclOH=ISmA, Vec=8V#10%| Veo—3.0 | — | 
~ D115 
Output “High” —loH =2.5mA [Vee=1.0 | = 
Voltage —lon=3 MA, Vec=5V#10% | Vcc-3.0 | - | 
—l9H=0.5 mA Jes 5 ae 
vest [=e 
Output “Low” RO — R2 
Voltage 2 


D4 — Dis 
150kQ to Vec —40V Vec—37 
Input/Output til Ds — aon 
Leakage RO — R2 = Vec—40V to Vec 
Current Rao. Rat 
Pull Down MOS = 7 =A Vadieo = Veco—35V 
Rao. Rat Vin = Vee 


Current 
(Note 1) Applied to |/O pins ‘with Pull-down MOS" selected by mask option. 
(Note 2) Applied to |/O pins ‘‘without Pull-down MOS (PMOS Open Drain)” selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 
(Note 4) Applied to I/O pins ‘‘with Pull-down MOS” selected by mask option. 


= = 
oo 
> Ww 
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(4) AC characteristics | | 
(Vcec= =2./V to 6V, GND= ov, ied -40v. to Vcc, Ta=-20 to +75°C, if- not specified. ) 














Oscillation Frequency — OSC: , OSC2 

Oscillator Stabilization Time l tac | OSC:, OSC2 | 60] sms 1 
External Clock ‘‘High”’ 

External Clock “Low” 

a 


<— fe fen ne ce 
Vin = 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.7V at ‘‘Power-on’’, or after RESET input level goes 
“High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input more than tac 
to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. When using crystal or 
ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker's advice because oscillator stabilization time depends 
on the circuit constant and stray capacity. 


Crystal oscillator Ceramic filter oscillator 





Crystal: 2.097152MHz DS-MGQ308 (Seiko Denshi) Ceramic filter: CSA2.000MK (Murata) 
Rf = 2MQ + 2%, Rd = 2.2k2 + 2% Rf =1M2 + 2%, C1=C2= 30pF + 20% 


C, = 10pF + 20% 
C, = 10pF + 20% 


(Note 2) (Note 3) 





tCPr tcPt 


(Note 4) 
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(5) Serial interface timing characteristics 


(Vcc=2.7V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 
* At Transfer Clock Output 


Test 
ues Se eee as 
Transfer Clock Cycle Time | tse | SCK = | (Note 2) oe ee hee 1,2 


Transfer Clock “High” 

rms" fem | ee ore foe P= |= fem 
Transfer Clock ‘‘Low” 

a fen | | wa Gear 


Transfer Clock Rise Time ew fe (Note 2) Tee oe tH 


Transfer Clock Fall Time ; 


Serial Output Data 


Serial Input Data Set-up Time 1 


Serial Input Data Hold Time Pe PA OE SN A SCN ST | 


* At Transfer Clock Input 


baie as Ee Ricken a Tin [Pp _ sit alos 
we [ max _| 
Transfer Clock ‘‘High” SCK t 1 
Level Width Scyc 


Transfer Clock ‘‘Low” rv a1"2s 
Transfer Clock Rise Time ftscer | SCK | | | | 00 fs | tt 
Transfer Clock Fall Time ftscere | —SCK TTC TC 800 st 


Serial Output Data 


Serial Input Data Set-up Time 1 


Soe 


(Note 1) _Timing Diagram of Serial Interface 


- 


2 
{2 
2 
2 








SCK Vcoc—0.5V (0.85Vc¢c)* 
0.4V (0.15Vcc)* 


so 


t 
0.85Vcc 
Sl 
(> fatsves 


*Vcc—0.5V and 0.4V are the threshold voltage for transfer clock output. 
0.85Vcc and 0.15Vc¢ are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 


Vec 
Ru = 2.6ks. 
Test 
Point 
Cc R 1$2074@ 
30pF 12k or Equiv. 
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(6) Characteristics curve (Reference data) 









Ta=—20~ +75 
fosc=2MHz 


ire 
pe} tty 
Coe 
nlhbeekadesk-od 


cea 
Icc vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator) 


ptav-z0- +750] | | | | 
Shee eae ie 


1.0 


Icc(mA) 









teeta 
RACE 


at 
Ea 
= 
r 
La 
» 
S 





WA 





Pe i cane 
Peale a Ais we ae 
i ee Ft 
0 2 3 4 5 6 


Veetv! 
—I!p (Pull-up MOS Current) vs. 
Vcc Characteristics 










+ 
i+) 
tt 
| 
N 
oS 
r 
+ 
“ 
oO 
oO 


° 


NNUEEE 


ff 

aiGt 
WN 
AHN 






lo. min.(mA) 


ANAL 
i 
I 


Cini 


| 


NU 
NAS, 
NLL 
ERGn 
Het 
LTE EE 


Z— 

0 1 2 3 
Vor(V) 

loy min. vs. Vo_ Characteristics 

(Standard Pin) 
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Ta = —20 ~ +75°C 
fosc=2MHz ISBY1 


He 

BRR. 
Ai 

ee 
1 2 3 4 5 6 


Vec(V) 





0.5 


Iseyi, Isay2(mA) 


Ispy vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator) 


Ta = —20 ~ +75°C La 





500 


ed 
aN 
ae 
=e 
ae 
x 











“LEVEE ETE TT 

pf 

a agguesea 
Sa eee ee 

100 [fp 

0 10 20 30 40 50 


Voc—VdispV) 
Ig (Pull-down MOS Current) vs. — 
(Vcc—Vdisp) Characteristics 


—lOH min. (mA) 





Vcc-Vou (Vv) 


—loy min. vs. (Vec—Von) Characteristics 
(Standard Pin ““CMOS’’) 


—lon min.(mA) 





Vcc—VoHu (V) 
—lon min. vs. (Vec—VoH) Characteristics 


(Dg - Dis Pins) 











Ta=—20~+757 


—lOH min. (mA) 





Vcc-VoH (V) 


—lox min. vs. (Vcc—VoH) Characteristics 
(RO — R2 Pins) © 
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5.4 HMCS402AC Electrical Characteristics 


(1) DC characteristics (Vcc=4.5V to 6V, GND=0V, Vdisp=Vcc-40V to VCC; Ta=-20 to +75°C, 
if not specified.) © 


Item Symbol! 


+ 

oy 

a 

Oo 

oO. 

> 

a 

ad 

° 

=) 

n 
<|s 
nae = 
i] 

Cc 

3 

=. 

2 

° 

ond 

© 











ines Pre 

| “High” 

a ee 
ee 

ae enna rl 
Oe 


Output “High” 
Voltage 
Output “Low” 
Voltage 


Input/Output 
Leakage Current 





Current 
Dissipation in lec Vcc = mA 2,6 
Active Mode fose = 6 MHz 
Maximum Logic Operation 
Issy1 | Vcc Vec =5V mA | 3,6 
Current fosc = 6 MHz 







Dissipation in oo — 
Standby Mode Minimum Logic Operation 


Issy2. | Vcc Veco =5V 


fosc = 6MHz 
Current eine 
BY de atin a Vin (TEST) = Vcc —0.3V to Vcc 
Dissipation in Vcc m = LA 5 
Stop Mode Vin (RESET) = OV to 0.3 V 


Stop Mode 
Retain Voltage | “stop [NCC ee aS ea 


(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; @ RESET, TEST ..- Vcc voltage 
e Dy, —D3, R3 —R9 --- Veg voltage 
eD.—0,;5, RO— R2, R ao’ Rai: Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; ®@ Standby Mode 
® Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
® TIMER-B; +2 prescaler divide ratio 
@ SERIAL Interface ; Stop 
Pin state; @ RESET .--GND voltage 
@ TEST ... Voc voltage 
®D,—D;, R3—RQ --- Vee voltage 
®0,—D,;, RO—R2, Rag, Ray -: Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
© input/Output; Reset state 
® TIMER-A; +2048 prescaler divide ratio 
@ TIMER-8; +2048 prescaler divide ratio 
@ SERIAL Interface ; Stop 
Pin state; ® RESET... GND voltage 
e TEST ..- Voc voltage 
®D.—D;, R3—R9 --- Voc voltage 
@0,-0D,;, RO—-R2, Rao. Rai + Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 
(Note 6) When fog-=x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 





max. value (fog.=x [MHz] } = 2x max. value (fog¢= 6 [MHz] } 
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(2) Input/output characteristics for standard pin 
(Voc=4.5V to 6V, GND=OV, Vgign=Vcc-40V to Vcc. Ta=-20 to +75°C, if not specified. ) 


= atu Fl corse ao tyP i 
yp | max | 
Input “High” Do — D3 


Input “‘Low’’ Do —- Ds. 
Voltage R3 — R5, RO 
Do — D3, 
Output “High” R3—R8 —low =1.0mMA Vec—1.0 V 1 
Voltage 


< 


Dy — Ds, 
—| =0.01 mA Vec—0. 
R3 — RB 





i Le 
fe) 
c 


Output “Low” Do — Ds, 

Input/Output =D; . 

Leakage Current Hl ae RQ Vin = OV to Vec MA 2 
Pull-Up MOS Do = D3 ' Vec = 5V A 3 
Current R3— RO Vin = OV zi 


(Note 1) Applied to 1/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to |/O pins “with Pull-up MOS” selected by mask option. 


(3) Input/output characteristics for high voltage pin 
(Vcc=4.5V to 6V, GND=O0V, i mal to Vcc, Ta=-20 to +75°C, if not specified.) 


Value 
Input “High” D4, —D,s5, R1 
Input “’Low” Dik: 
“Ton= 18m, Veo= STE Vegsao [= f= 
output “Mion” | oy Fign=@mA—_———*| Vog=2.0 | = | =| Vv 
Gsitsee ~lon=amA, Veg=BVE TON | Veo=30 | = [= 
—loH=1.8 mA Be ee eee 
D4 — Dis - 7 
Output “Low” RO — R2 Vaie = Veo~40V “Ge aan 
a ee ec 
Input/Output He | Dag — Dis 
Leakage a RO — R2 Vin = Vec—40V to Vcc HA 3 
Current Rao, Rat 
Dy — Dis 2 
cee MOS RO — R2 Vien © Vee —35V yA 4 
Rao, Rai in ce 


(Note 1) Applied to I/O pins “with Pulldown MOS" selected by mask option. 

(Note 2) Applied to 1/O pins ‘‘without Pull-down MOS (PMOS Open Drain)’’ selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to !/O pins ‘‘with Pull-down MOS" selected by mask option. 
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(4) AC characteristics | : | 
(Vcc=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 














a 
Level Width : 

eure fe fe | fe [-[- [af 
External Clock Rise Time | top, | osc: ss | | | - | | os | 2 
External Clock Fall Time | torr | Osc: ss || S| SC | - «| 20 ls | 
INTi “Low” Level Width INT: Cd eve [3 
wercomne [en [oom | Watee [= [= [elo 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at ‘‘Power-on’’, or after RESET input level goes 
“High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input more than tac 
to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. When using crystal or 
ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker's advice because oscillator stabilization time depends 
on the circuit constant and stray capacity. 


Crystal oscillator Ceramic filter oscillator 


Ci 





C2 
GND 
Crystal: 6.0MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter : CSA6.00MG (Murata) 
Rf : IMQ +2% Rf :1M2+2% 
Ci : 20pF +20% Ci : 30pF + 20% 
C2 : 20pF +20% C2 : 30pF +20% 
(Note 2) — (Note 3) 





tcPr (CPt 


(Note 4) 
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(5) Serial interface timing characteristics 


(Vcc=4.5V to 6V, GND=0V, Vdisp=Ycc~40V to Vcc, Ta=-20 to +75°C, if not specified. ) 
°* At Transfer Clock Output 


| Test 
sess — Conditions eee ba 
Transfer Clock ‘’High” 


Transfer Clock “Low” ees 
Level Width SCK 
Tat Cea aris [aes | S08 wow [Ym 
Transfer Clock Fall Time Ftsexr |  SCK ~—[ (Note2) [| - [| - [ 100 [ ns | 1,2 


Serial Output Data 
sar fe [= owe [Pf 


Serial Input Data Set-up Time 1 


* At Transfer Clock Input 


ae et 2S as a sii Meats 


Transfer Clock ‘’High” 










Level Width ane KH 1 
Transfer Clock ‘‘Low” ‘ 1 
Level Width SCKL 

Transfer Clock Rise Time Htsckr | 1 
Transfer Clock Fall Time 1 
Serial Output Data t 12 
Delay Time DSO : 


Serial Input Data Set-up Time tes: | 1 
a ae 


Serial Input Data Hold Time 


SCK Vec —2.0V(0.7Vcc ry 
0.8V(0.22Vcc) * 


SO 


t 
0.7Vec 
Si 
ae. Coe: 


“Vcc — 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7 Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 


Vec 
Ry =2.6ky 
Test 
Point 
Cc R 1$2074@ 


30pF 12ky or Equiv. 
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(6) Characteristics Curve (Reference data) 


" |Ta=—20~+75€ 
| fosc =6 MHz 


Isav1, Ilssv2(mA) 





Vece(V) 
lec vs. Vcc Characteristics 1 
(Crystal, Ceramic Filter Oscillator ) Vec(V) 


Isgy vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator ) 


ae, AEE 
eZ dela | lad 


la( A) 





Vec(V) 
—Ip (Pull-up MOS Current) vs. 
Vcc Characteristics 





Vec — Vdisp(V) 
lq (Pull-down MOS Current) vs. 


TF IBT (Vcc — Vdisp) Characteristics 


lo. min.(mA) 


RRRREEE 
NUREEED 





~ Vece— Von(V) 


-lon min vs. (Vcc — Von) Characteristics 
(Standard Pin ‘‘CMOS’’) 





Vo.(V) 
lot Min. vs. Voz Characteristics 
(Standard Pin) 
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—lon min. (mA) 





Vec ~ Von(V) 


| -low min. vs. (Vcc — Von) Characteristics 
(D4 — Dys Pins) 









Ta=-—-20~+757 


4 
E Hite io 
£ 
= 


Wann 
ALLEL | 


= Fee V) 


-lon min. vs. (Veco — Vou) Characteristics 
(RO — R2 Pins) 
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5.5 HMCS404C Electrical Characteristics 


(1) DC characteristics | | 
(Vcc=4V to 6V, GND=OV, Vgisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


Value 
Item _ Symbol Test Conditions Unit Note 


INTs INT ic 
; 1V Vec+0.3 
Input “High”’ INT>, INT, cc 


voltage fT ae 
os] = 
2 = [eave | 
= [eo 
Hem 
et 
ge 


. RESET, SCK, 
Input “Low” 





Vv INT, INT; 





OSC; | 05 
Output “High” | y SCK S Be Sd 
Voltage cin ea [=] 
Oo t t “"L er omen” 

RESET 
Input/Output T ong 

wl INTo, INT,, Vin = QV to Vec LA 1 

Leakage Current Ca $1, SO, OSC, 













Crystal or 


Ceramic Filter 
Current motel 2.0 mA 2,6 
Dissipation in lec f P = 4MHz 
Active Mode _ 














Resistor 
Oscillator 
sat) 

= 4MHz 
sere or 
Ceramic Filter 


Be ed 
scillator 
Option mA 3,6 


Ceramic Filter 
Oscillator 












Maximum 
Logic 

Operation 
Vec = 5V 









Ispv1 Vcc 
Current 
Dissipation in 
Standby Mode 

Issy2. | -Vec 


Current ee 
Dissipation in Vee Vin(TEST) = Vec-0.3V to Vee : 
Stop Mode Vin( RESET) = OV to 0.3V 

Stop Mode Vv Vv 

Retain Voltage stop cc 







Minimum 
Logic 
Operation 






Resistor 
Oscillator 
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(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; ®@ Reset state in Operation Mode 
Pin state; @ RESET, TEST ... Vcc voltage 
e Do— D3, R3—RY--- Vege voltage 
e Ds—Dis, RO-R2, R ao: Rai: Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; e@ Standby Mode 
© Input/Output; Reset state 
© TIMER-A; +2 prescaler divide ratio 
@ TIMER-B; +2 prescaler divide ratio 
@® SERIAL Interface ; Stop 
Pin state; ® RESET .-.GND voitage 
© TEST -.- Voc voltage 
®©0.—-D;3, R3- R9O-- Vee voltage 
®D,—Dis, RO— R2, Rag, Rai -: Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state: © Standby Mode 
© Input/Output; Reset state 
® TIMER-A; +2048 prescaler divide ratio 
® TIMER-8; +2048 prescaler divide ratio 
@® SERIAL Interface ; Stop 
Pin state; ® RESET... GND voltage 
e TEST .-- Voc voltage 
®D, —D3, R3—R9 --- Ve voltage 
®©D,-—D.;s, RO—R2, Rag, Raq: Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 
(Note 6) When fog-=x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
x 
4 








max. value (fo..=x [MHz] ) ==-x max. value (fog¢=4[MHz] ) 


(2) Input/output characteristics for standard pin 
(Vec=4Vv to 6V, GND=OV, Vdisp=Vec~40V to Vcc, Ta=-20 to +75°C, if not specified.) 


Input “High’’ Do — Ds, 
. Voltage R3 — R5, RO 0.7Vec Vect0.3 
Do —D 
em | | fee | 


1H 
Input ‘Low’ 
Vin 


Voltage R3 — R5, RO 
Do — D3, 
Output “High” Vv R3—R8 —lon = 1.0mA Vec—1.0 1 
Voltage Do — D3 P| 
: —| = 0.01 mA Vec—0.3 1 


Output “Low” 


OH 
Dy —D 
V 0 3. a 
meee [ee [oem | 
Input/Output Dy — Ds, Vere ree 
Leakage Current tie R3— RO in cc 


Pull-Up MOS Do = D3, Vec = 5V 
Current R3 — RO Vin = OV 


_~ _— 
BE 
WwW NO 


(Note 1) Applied to I/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/O pins with “with Pull-up MOS” selected by mask option. 
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(3) Input/output characteristics for high voltage pin 
(Vcc=4V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to 475°C, if not epee iT ied. ) 


Item Symbol Test Conditions [a tin Fl yee Note 
y 
Input “High” Da — Dis, Ri Vect0.3 


7 


Voltage a R2, Rao, Rai 


Input “Low” D, — 0,5, R1 
Voltage Vie R2, Rao, Rat Vec—40 0.22Vcc 
—loy=15mA, Vec=5V+10%| Vec—3.0 V 
Sp OH= cc= ieee oe (eee en 


—loH=9 MA Vec—2.0 = 


ac 
tal: 


Output “High” 





V 
V 
Voltage a =lon=3 mA, Vcc=5V+10% Vec~3. 0 = ee ae Tov 
Vdieo = Vec—40V Vec—37 V 1 
Voltage D4 —D 
9 150kQ. to Vec—40V | Veo=27 | | Veo=27 | 2 
Input/Output Ite | Da — =a. 
Leakage Ve RO — R2 Vin = Vec—40V to Vcc 3 
Current Rao, Rat 
Ds —Dis 
Pull Down MOS = we 
enor | |, | tos eiee | 





(Note 1) Applied to I/O pins with “with Pull-down MOS" selected by mask option. 

(Note 2) Applied to t/O pins with “without Pull-down MOS (PMOS Open Drain)’’ selected by mask option. 
(Note 3) -Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with ‘‘with Pull-down MOS” selected by mask option. 
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(4) AC characteristics 
(Vcc=4V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


Te Ts 


Item | Symbol 


Oscillation Frequency fees OSC,, OSC, 


lator 


, 
nr 


Instruction Cycle Time 


teye 
Oscillator Stabilization 
Tice ie tind OSC,, OSC, 


Oscillation Frequency 1 Tose OSC,, OSC, 


Instruction Cycle Time Re=20kK2Q42% 


Crystal or 
Ceramic Filter 


Osc 


O; O O;9O 
P1D1 D1 DID 
ON eh Oe 


co aa 
: ~ 
Pee) N ree) 
ND 
g 
_ 


- 
hm 






nN 
2) 
o 


=: 


teye 


Oscillator Stabilization 1a OSC,, OSC, 


Time 


Resistor 
Oscillator 


Re=20k242% 















| 444 | ous | 

ig External Clock ‘‘High” 2 
S| Level Width tcPH 

oO External Clock ‘‘Low” 

Ps Level Width top. 92 2 
INTo ‘High’ Level Width tlOH INTo ae a ee ee ee 
INTo “Low” Level Width INTo ie eae ee ee ae 
INT: “High” Level Width tit INTi 2 = = he 3 
RESET “High” Level Width tRSTH RESET | o- | 4 


Input Capacitance in 


2 
fe | 


i | 
> 


Vin = OV | 
RESET Fall Time trstTf 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Voc reaches 4.0V at ‘Power-on’, or after RESET input 
level goes to “High” by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering from stop 
mode, apply RESET input more than trc to obtain the necessary time for oscillator stabilization. When using crystal or ceramic 
filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on 
the circuit constant and stray Capacity. 


Crystal oscillator Ceramic filter oscillator Resistor oscillator 





Ci 
rystal Ceramic Osc, 
filteres Re 
C2 Osc, 
GNO GND 
Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata) Rf : 20k2+2% 

Rf: 1IM2 +2% Rf: IMQ+2% 

Ci ; 22pF+20% Ci ; 30pF+20% 

C2 : 22pF+20% C2 : 30pF +20% 


(Note 2) (Note 3) 











Vec-0.5 


Osc, 
0.5 


tCPr tCPf 


(Note 4) 


RESET 
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(5) Serial interface timing characteristics 
(Vcc=4V to 6V, GND=0V, Vqisp=Vcc~40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


Test aa Ee 
Conditions nit ote 
1,2 


Se a a SO 
res = [= fe 


Item Symbol Pin Name 





~- 


SCK 
cease [now 
leis st Low tscKL (Note 2) tec 1 


Transfer Clock Rise Time tsckr SCK (Note 2) a 


1 
Transfer Clock Fall Time tscks SCK (Note 2) 1, 


| = | 100 | 
Serial Output Data t 1 
Delay Time OSO : 
Serial input Data Setup Time [tg | SISSCdSSSCSC~‘“rtCC OSES 


* At Transfer Clock Input 


sah ina | inname | contitens [aaa ies Goa 


Transfer Clock ‘’High” ) 
Level Width tscKH SCK 


Transfer Clock ‘‘Low” t 
Level Width . SCKL 


Transfer Clock Rise Time tsckr SCK 


: ee ae 

Transfer Clock Fall Time tscxr | SCK | | = | 
| | 800 | 

ae ES 


2 
,2 
2 
2 


Serial Output Data _ 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time tus: 


a] 
B | 
ce) 

wn 

Q 

Zl 


(Note 1) Timing Diagram of Serial Interface 






SCK Vec —2.0V(0.7 Vcc 1* 
0.8V(0.22Vcc) * 


*Vcc — 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7 Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 
Vec 
Ry =2.6k.2 
Test 
Point 
c R 182074@ 


30pF 12kQ or Equiv. 
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(6) Characteristics Curve (Reference data) 


Ta=—-20~+75T 
fosc=4MHz 





O 1 2 3 4 5 6 
fosc( MHz) Vec(V) 
loc vs. foseCharacteristics lec vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option) 





Ta=—20~+757T 





0 1 3 4 5 
f 
pecans Vee(V) 
cc vs. fos¢ Characteristics lec vs. Vcc Characteristics 
(Resistor Oscillator Option) (Resistor Oscillator Option) 





2.0 






Ta=—20~+757 ce 
Hose ee max. 






1.6 
<x ~- : 
= E ; titi ly 
. el | ot | Ke 





fosc( MHz) : } ~ Vee(V) 


Ispy VS. fose Characteristics Ispy vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) (Crystal, Ceramic Filter Oscillator Option) 
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2.0°-75=—20~+75t max. 
fosc=4MHz 






_ 
o 


Isay1, Isav2(mA) | 
Issy1, lsav2(mA) 
re 





fosc( MHz) 
Ispy VS. fosc Characteristics 
(Resistor Oscillator Option) 


Vec(V) 
Ispy vs. Vcc Characteristics 
(Resistor Oscillator Option) 


da( A) 





lp (Pull-up MOS Current) vs. 


-Vee~Vdisp(V) 
Vcc Characteristics 


lq (Pull-down MOS Current) vs. 
(Vcc — Vaisp) Characteristics 





Vee — Von(V) 
— Vor(V) a 
lou min. vs. Voy Characteristics ~  =lon min vs. (Voc — Vou) Characteristics 
(Standard Pin) 


(Standard Pin ‘“CMOS”’) 
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3 
i 


fen-20-4780 | | | V 











a 
ee 

7 

a 

Re 

ae 

ize 

ase 

ALIN 

a lL 


—loxn min. (mA) 
‘eee sae aaes 
He a 
ah SRE 
ERaNNEEREE 
Sze. Sees 
COC RNC 
ERR E SNA 
Px aA BRAN 
Lat eeree 


y Et reallly 


0 1 2 3 4 5 
Veco — Vou(V) 


lon min. vs. (Vcc — Von) Characteristics 
(D, = Dis Pins) 


N 
ES 
x 
ae 
a 
Le 
fees 
i 
LS 









Ta=—20~+75T 


Th — 








LL 
LAT LL 
WATT 
AC 


vente 


-lon min. vs. (Vcc — Von) Characteristics | 
(RO — R2 Pins) 


—lon min.(mA) 
Ww 


th 





Xe. 





HITACHI 


ae (ee Vec=4.5V 
/| 208 Vec=4V0— 
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5.6 HMCS404CL Electrical Characteristics 


(1) DC characteristics _ 


(Vcc=2.7V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


ag | Value | 7 ae 
Test Conditions Pah 4 Unit | Note 
| min |typ | max || 


Item 












0.85Vcc Vect0.3 


[oasVec |— | Vecros_ 
Voo=-03 | — | Vect0_ 


Input ‘‘High”’ 
Voltage 


0.15Vcc 


coos s/o 


pees [= [= 
=< ce 


Input ‘’Low”’ 
Voltage 





Output “High” 
Voltage 


Output “Low” 
Voltage 


Input/Output 
Leakage Current 


Current 
Dissipation in 2,6 
Active Mode 
Maximum Logic Operation 
be Vcc =3V 


Current 
Dissipation in 


Standby Mode 
Vin (TEST) = Voc-0.2V to Vec 


Current 
Selah es Vee V,, (RESET) = OV to 0.2 V 
Stop Mode 


(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; @ RESET, TEST ..- Voc voltage 
e Do —D;, R3—R9 -> Vec voltage 
e D.—Dis, RO—R2, Rag, Raq ... Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state: ®@ Standby Mode 
. ® Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
@ TIMER-B; +2 prescaler divide ratio 
@® SERIAL Interface ; Stop 
Pin state; © @® RESET .--GND voltage 
@ TEST --- Voge voltage 
© D.—D;, R3—R9... Vege voltage 
®D.—Dis,RO-R2, Rag, Rai: Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; © Standby Mode 
- @ Input/Output; Reset state 
© TIMER-A; +2048 prescaler divide ratio 
@ TIMER-8; +2048 prescaier divide ratio 
-@ SERIAL Interface ; Stop 
Pin state; @ RESET..-- GND voitage 
e TEST .-- Voc voltage 
@D,—D;, R3—-R9... Voc voltage 
. a ©D,—Dis, RO—R2, R ao. Rai eee Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. ; 
(Note 6) When fog¢=X [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


4,6 








[When Divide-by-8 (D-8) option is selected.) max. value (fosc=X [MHz] ) Fx max. value (fog¢=2 [MHz] ) 
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(2) Input/output characteristics for standard pin 
(Vcc=2.7V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-29 to 75°C, if not sneaitied.) 


Value 
rn pvewe 
euuaere 


Input “High” Do — Ds, 
Voltage Vi R3 — R5, RO 0.85Vcc Vect0.3 | V 
Input ‘’Low 


Output “High” Do Ds. 
Voltage R3 — R8 —lou =0.1mA Vec-0.5 


Item Symbol 





- 

| 
Oo 
ad 





Von 1 
Output “Low’’ Do — Ds, 
Voltage Vor a3 at lol =0.4mA 
Input/Output — Ds, 
Leakage Current ag RO Vin= OV to Vcc 2 
Do ma D3, Vcc = 3V ; 
Pull-Up MOS R3 — RO Vin= OV | 
Current | Do — D3, Vec = 5V . : 


(Note 1) Applied to 1/0 pins with “CMOS” output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins ‘‘with Pull-up MOS" selected by mask option. 


(3) Input/output characteristics for high voltage pin | a | 
(Vcc=2.7V to 6V, GND=OV, <_“- to Vcc: Ta=-20 to. +75°C, if not specified. ) 


Fo Malue 
Item Symbol 


2 

| 
oO 
ot 
pe) 


Input “High” 


Test Test Conditions aye Note 
typ 
Input “Low” an —D,5,R1 
Voltage me R2, Rao, Rat Vcc—40 0. =ce 


ae SigaeTnk, VeeSVETR| Veo=a0 | = [J 
4 — 15 


< 






Output “High” Vv Slane =2.5mA Vec— “10 = as 
Voltage RF “lon= =3 mA, Vec=5V210% Veo=3.0 — ; 
Vdao = Vec—40V Vec—37 


NO 


Voi = 
Voltage Ds — Pee 
150kQ to Vec—40V Vec—37 
| foo — R2 <a Ie 


Input/Output tHe | D4 — Dis 

Leakage 1 RO — R2 Vin = Vec—40V to Vcc HA 3 
Current Rao. Rai | 
Pull Down MOS at Vaio = Veo —35V ie 
Current Vin = Véc oe 





(Note 1) Applied to !/O pins ‘‘with Pull-down MOS” selected by mask option. 

(Note 2) Applied to I/O pins ‘without Pull-down MOS (PMOS Open Drain)” selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins ‘‘with Pull-down MOS” selected by mask option. 
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(4) AC dharactaniee is 7 : : -_ | - 
Woes 2./V to 6V, GND=0V, Vdisp“Vcc- -40V to Vcc, Ta=-20 to +75° C, if not specified. ) 


Unit Note 


Item 


Oscillation Frequency 
Instruction Cycle Time 

















Oscillator Stabilization Time _ OSC: , OSC2 | ms | 1 
External Clock “High” | 

External Clock “Low” 
External Clock Rise Time 2. 
RESET “High” Level Width RESET aeons 4 

Hz 

momen [er | wom Pp mor 
peserratie [wan [|| = [= | fe fo 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.7V at “Power-on”, or after RESET input 

“level goes “High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input 

more than tre to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. 

When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker’s advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 


Crystal oscillator. Ceramic filter oscillator 





Crystal: 2.097152MHz DS-MGQ308 (Seiko Denshi) - Ceramic filter: CSA2.000MK (Murata) 
Rf = 2M + 2%, Rd = 2.2kQ + 2% Rf =1MQ + 2%, Ci =C2= 30pF + 20% 


C, = 10pF + 20% 
C2 = 10pF + 20% 


| (Note 2) oo . | (Note 3) 











Vcc—0.3V 


O86 0.3V 


tcPr tcp 







(Note 4) 
0.85Vcc 


RESET 0.1 5Vcc 


trstf 
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(5) Serial interface timing characteristics 
(Vcc=2.7V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc; Ta=-20 to 475° C, if not eeeeitiek ) 


* At Transfer Clock Output 


wes sia Cm eae = To ek 
Transfer Clock Cycle Time ————— (Note 2) a ae Hl? tyes | 
Transfer Clock “High” 
Transfer Clock ‘‘Low” 
ike aCe a 3 


Transfer Clock Rise Time Hace} tee tp 


1,2 
Transfer Clock Fall Time | ‘ocr | SCK | (Note?) [| =| - 1.2 
2 


Serial Output Data 


Serial Input DataSetup Time [ts | S1——~«Y~——S~diéC YS dP os 


* At Transfer Clock Input 


a sai eo ei a jaa oa 


Transfer Clock Cycle Time ltseve | | teye 1 
Transfer Clock ‘‘High” a 1 
Level Width aks 
Transfer Clock ‘‘Low” t t 1 
Level Width SCKL Scyc 





Transfer Clock Fall Time . | tsexe | 1 
Serial Output Data 

oe oo =) me : 
Serial Input Data Set-up Time 1 


Serial Input Data Hotd Time [Ta See SSC BANS SS i 


(Note 1) Timing Diagram of Serial interface 






SCK Vcc—0.5V (0.85V¢c)* 
0.4V (0.15Vcc)* 


so 


0.15Vcc 
*“Vcc—0.5V and 0.4V are the threshold voltage for transfer clock output. 
0.85Vcc and 0.15V¢c¢ are the threshold voltage for transfer clock input. 
(Note 2) Timing Load Circuit 


Vee 


Ry = 2.6ky 


182074@ 
or Equiv. 
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(6) Characteristics Curve (Reference data) 









Ta=-20~+75C 
fosc = 2MHz 


: vl 
PPL bat 
ee 


—— VecV) 
lee vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator) 








2 3 4 5. | 6 
VeclV) , ae 

—Ip (Pull-up MOS Current) vs. 

Vcc Characteristics 











< 
OQ 
QO 
fl 

Q 
< 





ans 
ty 
N 
LN 






iat 
=a 
SET ee 
Ps a a al 
i a 78 
0 a a ay a 
vy ers Ea mes 


WW 
NS 
HN 


BAER 


3 


Nu 


N 





ce TN 
ree 


AI 
NL 


~—_| 
Vor(V) 


lox min. vs. Voi Characteristics 
(Standard Pin) 


Ta = —20~ +75°C 
fosc=2MHz 


Ispy1,Isev2(mA) - | 





VeclV) 
-Ispy vs. Vcc Characteristics - 
(Crystal, Ceramic Filter Oscillator) 





- Vec—Vdisp) 
Iq (Pull-down MOS Current) vs. 
~ (Vec—Vdisp) Characteristics | 


Vcec=6V 
Vcec™5V 


—!IQH min. (mA) 


Vcec®4Vv 





2 
Vcc—VoH (V) 


—lon min. vs. (Vec—VonH) Characteristics 
(Standard Pin “CMOS”’) 


—lon min.(mA) 





Vec—VoHu (V) 
—lon min. vs. (Vec—VonH) Characteristics 


(D4 on Dis Pins) 





jTa=—20~+75e] | | | | 

adel eee ee se ed abe Mees 

i se eee 
eee 


A Za 


—IQH min. (mA) 
+e ie 
\ 
| 
< 
8 
L 
< 





2 


Bie. min. vs. (Vcc—VoxH) Characteristics 
(RO — R2 Pins) 
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5.7 HMCS404AC Electrical Characteristics 


(1) DC characteristics , | 
(Voc=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


Item as Symbol | 


Input “High” 
Voltage 






- Pin Name Note 


Input “Low” | 
Voltage 





Output “High” 
Voltage OH 


fe 


SCK, SO 
CK, SO 


6. a 




















Output “Low” |. . =a - 
Sie [vox Rte Pepe 
Input/Output | a és 
hel INTo, INTi1 |Vin =O V to Voc MA 1 
Leakage Current jah SI, SO, OSC | 
Current | | 
Dissipation in Icc Vcc mA 2,6 
Active Mode 
Maximum Logic Operation 

Isay1 | Vcc Vec =5V mA | 3,6 
Current fosc = 6 MHz 
Dissipation in = : 
Standby Mode Minimum Logic Operation . 

Ispy2 Vec Vec =5V . mA 4,6 

fosc = GMHz 
Current eos 
Me eon fo Vin (TEST) = Vcc —0.3V to Vcc 

Dissipation in Vcc mn a LA 5 
Stop Mode SS ena 
Stop Mode 
Retain Voltage ss ee EAS 


(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; ® RESET, TEST ... Voc voltage 
e Do — D3, R3— RY... Veg voltage. 
e 0,—0,5, RO-R2, R pO’ Rai: Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; ®@ Standby Mode ; 
® Input/Output; Reset state 
@ TIMER-A;.+2 prescaler divide ratio 
© TIMER-B; +2 prescaler divide ratio 
@ SERIAL Interface ; Stop 
Pin state; ® RESET ...GND voltage 
eS © TEST .-- Voc voltage 
— @Do—Ds, R3-RY... Veg voltage 
. * @D,-—D,s5, RO — R2, Rao. Ray oe Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
. © Input/Output; Reset state 
@ TIMER-A; +2048 prescaler divide ratio 
@ TIMER-B; +2048 prescaler divide ratio 
@ SERIAL Interface ; Stop 
Pin state; ® RESET..-. GND voltage 
@ TEST .-- Voc voltage 
®D,—D;,R3—R9... Veg voltage 
® D,—Dis, RO—R2, Rag, Rat -.. Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 
(Note 6) When fog-=* [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 





max. value (fos-=X [MHz] ) = 2x max. value (fogc= 6 [MHz] ) 
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(2) Input/output characteristics for standard pin 
(Vcc=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


ee 
— 


Input “High” Do — Ds, 
Voltage Vin R3 — R5, RQ 0.7Vec Vect0.3 


Input “Low” Do — D3, 
a3 — RE Se 0:22Vee 


Item Symbol 


Voltage 


. Do os D3, 
Output “High” Vv R3—RB —lon = 1.0mA Vec—1.0 V 
Voltage oN a 
gE [ Scene Yves | [DS 
icone OH = cc 
Output “Low” Do — Ds, 
ee ee ee ne ee 


—_ jj wad 





Input/Output Do-— Ds; - , 
eee R3 — RQ eres: 2 
Pull-Up MOS De = Ds. Veo = 5V ; 
Current R3 — RO Vin = OV uA 


(Note 1) Applied to I/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins ‘‘with Pull-up MOS” selected by mask option. 


(3) Input/output characteristics for high voltage pin 
(Voc=4.5V to 6V, GND=OV, Vdisp2Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


et 


Input “High” D, — Dis, R1 
Input “Low” Ds =e 


oak VeeeBVEWR| Voe=ao [= [=| 


Sars =3mA, Vec=5V + 10% 
=lon= 1.8 mA ene te 


seas et taeeee 







Output ‘‘High” V 
Voltage fees 
ae 


van “ Ss 


—_ 


= a ee 
Input/Output el —Dis 
Leakage Mh a0 R2 Vin = Vcc—40V to Vcc BA 3 
Current Rao, Rai 

4 


—Dis 
Pull Down MOS V disp = Vec—35V 
— aE Rao ie Vin = Vee us i 


(Note 1) Applied to I/O pins ‘with Pulldown MOS” selected by mask option. 

(Note 2) Applied to I/O pins ‘without Pull-down MOS (PMOS Open Drain)"’ selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to !/O pins ‘‘with Pulldown MOS” selected by mask option. 
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(4) AC characteristics : | | | 
(Vcc=4.5V to 6V, GND=OV, ee -40V to Voce Ta=-20 to +75°C, if not specified. ) 














=e ee 
__Oscillation Frequency ‘OSC1, OSC2 ae Toe Tt 
Instruction Cycle Time fee Faas: | 183" 
Oscillator Stabilization Time os tk a Be Be ms | 1 
sare [ee | fw [-|- [w[e 
Level Width _ 
commer em [ose | fo | | [| 
__External Clock Fall Time re ee eee ee 2 
caso [ee [wom | Rf 

in = | 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at ‘‘Power-on’’, or after RESET input 
level goes “High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input 
more than trc to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. 
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the Circuit constant and stray capacity. 


Crystal oscillator Ceramic filter oscillator 





Crystal: 6.0MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter : CSA6.00MG (Murata) 
Rf : IM2 +2% Rf :1M2+42% 
Ci : 20pF +20% . Ci : 30pF +20% 
C2 : 20pF + 20% C2 : 30pF +20% 


(Note 2) | | ‘(Note 3) 






_ Vec-0.5V 


tCPr (cpr 


(Note 4) 


RESET 
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(5) Serial interface timing characteristics 
(Vcc=4.5V to 6V, GND=OV, Ndisp*Vcc- -40V to Vcc» Ta=-20 to +75°C, if not Specieieal ) 


* At Transfer Clock Output 


Test 
fen st Conditions aa ee ae ee 
Transfer Clock Cycle Time Htseye |  SCK —(| (Note2) | 1,2 


Transfer Clock “High” 
cee [eon [ ee [vow [oe | = | = fom] 
Transfer Clock “Low” 
— [ee ome Poe [= Pee 


Transfer Clock Rise Time F 


2 

1,2 

meee ee eee 12 
2 


Serial Output Data 

sa me [2 wn pe fe 
Serial Input DataSetupTime [iss | si —+| -+| 30 | - | - | | 1 
Serial Input DataHold Time [ts | st__| | wo | - | - | s | 4 


* At Transfer Clock Input 


bik piees [renew [eatin aa es 


Transfer Clock Cycle Time 
Transfer Clock ‘’High” t 

Level Width SCRH 
Transfer Clock ‘‘Low” t 

Level Width SCKL 


Transfer Clock Rise Time 
Transfer Clock Fall Time 


[tscxe _| 
Serial Output Data jtoso | 
Delay Time 

jtusi | 









Serial Input Data Set-up Time 
Serial input Data Hold Time 


ScK Vee —2.0V(0.7 Vcc 1 
0.8V(0.22Vcc) * 


so 


0.7Vcc - 
Si 
GS ae: 
* Vcc — 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7 Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 


Vcc 
Ry =2.6ky 
Test 
Point 
Cc R 1$2074@ 
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(6) Characteristics Curve (Reference data) © 


Ta=—20~+75C 
fosc =6MHz 


Isey1, Issv2(mA) 





lee. vs. Vee Characteristics 
; piyately Cetera Filter Oscillator ) 


fren-zo-vree | [ TTT 
is i 
a sO OD 

SCE 
{ttt tt ttt 





Vec(V) 
Ispy vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator ) 


frmare TT TT 
















at 


TEEEE EH 
IEE 


. ae ae 
100 co aes ae 
0 2 a 
ae a eet 
|  Vec(V) Re 2 100 ia 
—Ip (Pull-up MOS Current) vs. =) : me [. 


Vcc Characteristics 


Vee—Vdisp(V) 
1g (Pull-down MOS Current) vs. 
(Vcc — Vaisp) Characteristics 


lou min.(mA) 





Vee — Von(V) 


-lon min vs. (Vec — Vou) Characteristics 
(Standard Pin ‘“‘CMOS”’) 





Vo.(V) 
lo. Min. vs. Vox Characteristics 
(Standard Pin) 
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30 





Vec=6V 
Ta=—20~+75° w 


aA 
co ee 
a 
nee ee a 
SeRiiGme sya 
HAA | 
ame ay aus 


CECE 
10 ma ff dona 

nae aes 

Hs fa 


~—lon min. (mA) 


—lon min. (mA) 





Vec — Vou(V) Veco — Vox(V) 


-low min. vs. (Veco — Vou) Characteristics -loH min. vs. (Vcc — Von) Characteristics 
(D4 — D,5 Pins) (RO — R2 Pins) 
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9.8 HMCS408C Electrical Characteristics 
(1) DC characteristics 7 | 
(Vcc=3.5V to 6V, GND=0V, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified.) 


Unit Note 














| 
—_ 
ron) 


Output “High” 


SCK SO —lon =1.0mA Vec 


- | ret Prin] we] 
RESET, SCK, 
Voltage SC 
| OSGi of t—i—(isisSSsSsS Ve 0.5 | | Vec t0.3 | 
RESET, SCK, 0.2V : 
Input “Low” Vin INTo, INT, @ VCC 
= es ean BED) A EE" 
OSC. Seti le ee 


Voltage : : —lon =0.5 mA ¢ 0.5 
Output “Low” <> 7 

Voltage Vor si aes ES Tome 

Input/Output R 


Leakage Current 


ESET, SCK, 
INTo, INT;, Vin = OV to Vec 
S ' ’ 1 


me 
nao 
ooim & 
BS 
Q~ 


Voc = 5V, fosc = 4MHz 
Current Divided by 8 Pe 2.3 2.5 
Dissipation in 
Active Mode Vec Vec = 5V,fosc = 2MHz Ze 25 
7 Divided by 4 o 


Vee = 5V, fosc = 4MHz 
Dissipation in Voc = 5V, fosc = 2MHz 
Divided by 4 ie A | oe 


Standby Mode 













Current ; = é 
Dissipation in Vec Vin TEST = Vee .3V pA 4 
Stop Mode to Vec 

Vi, (RESET) = OV to 0.3V 





oO = 
oO rc 


Stop Mode 


(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; ® RESET, TEST --. Voc voltage 
eDo—D;, R3—RY-.-- Vcc voltage 
eD.-—D;;, RO—R2, Rao. Rai on Vdisp voltage 
(Note 3) The timer/counter operate and input/output current does not flow. 
Test Conditions: MCU state; ®@ Standby Mode 
® Input/Output; Reset state 
@ SERIAL Interface : Stop 
Pin state; @ RESET ..-GND voltage 
© TEST --- Voge voltage 
®D, — D3, R3 — RQ... Voc voltage 
#D, — Dis, RO— R2, Rag, Rai -. Vaisp voltage 
(Note 4) Pull-down MOS current is excluded. 
(Note 5) When fog,=x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


max. value (fog¢=x [MHz] ) =ax max. value (fog¢™4[MHz] } 
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(2) Input/output characteristics for standard pin 
(Vcc=3.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vee: Ta=-20 to +75°C, if not specified. ) 


Pull-Up MOS 
Current — 


. Value | 
typ | max | 
Input “High” Do — Ds, 0.7V 
Voltage R3 — R5, RO Vee Vect0.3 
Input ‘‘Low” Do — a 
Do as aoe 
Output “High” Vou R3 — RB. Vec—1.0 V 
vee | Do — Ds, ~loy = 0.5 mA Vec-0.5 vy 
R3 — RB pigalaie 
Output “Low” V Do — D3, ss 
Voltage ae R3 — RB ue 
Input/Output Do — Ds, = 
Leakage Current R3 — R9 Minn ONION Cc 





Do — D3, Vec = SV 
R3—R9 Vin = OV 
(Note 1) Applied to I/O pins specified as “CMOS Output”. 


(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to |/O pins specified as ‘‘with Pull-up MOS”’. 


(3) Input/output characteristics for high voltage pin 
(Vcc=3.5 to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if nee seeds) 


a 


Input “High” Vv D, —0,;5, R1, 

Voltage tH R2, Rao, Rat 

Input “Low” D4 — Dis, R1, Fae 3NV, V 
Voltage R2, Rao, Rat Vec—40 0.3 Vec 


—low =15mA, Veco =5V+t20% 
—lon=10mA, Vee =5V420% V 
Output “High” V : 
Voltage oe —lon=3mA, Veco =5V+20% © 

RO — R2 —lon=2mA, Veco =5V+20% V - 
—loy =0. 8mA 


—lon=4mA 
bre Parva | = [|e 
V Vec—40V Vec—37 
Output “Low” ae R2 eamaiaas ae 









—_ 


ae | neve pve 
Input/Output te | D4 — Dis 

Leakage be RO — R2, Vin = Vec—40V to Vec LA 3 
Current Rao, Rat 

Pull Down MOS a Vawe = Veo“ 38V 4 
Current Rao : 


(Note 1) Applied to I/O pins specified as ‘‘with Pull-down MOS.” 

(Note 2) Applied to !/O pins specified as ‘without Pull-down MOS (PMOS Open Drain)". 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins specified as “with Pull-down MOS." 
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(4) AC characteristics oo. wa eae Ss 
Wee =4V to 6V, GND= OV, NatspevoctO¥ to Vcc; Ta=-20 to +75° 17 if not specified. ) 


eer? _ Symbol Conditions: typ 


: 
7 keen Manat 
oie ea 








Clock Oscillation Frequency 


MHz 


Instruction Cycle Time 
Oscillation Stabilization Time © 
External Clock a 

“High” Level Width 
External Clock | 

“Low” Level Width 

External Clock Rise Time topr 
External Clock Fall: Time 
TNTo “High” Level Width _ 


co 


Pl W!) Wi W@W! NLM NTN |] MT pl — 


NO 


~ 
NO 
- ol 











ai 
D 
Sy, 





TNTo ‘Low’ Level Width =| tio. c 
INT: “High” Level Width tia 


INTi ‘‘Low’” Level Width tit 


RESET “High” Level Width | tasty | RESET 


Input Capacitance Cin atpins | Ue 200 
in 


“RESET Fall Time. [tase [| 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 3.5V at “Power-on”, or after RESET 
input level goes to ‘“‘High’’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
_ from stop mode, apply RESET input more than tac to obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
- stabilization time depends on the circuit constant and stray Capacity. 


ill 
53 


| Crystal oscillator y Ceramic filter oscillator 





Crystal: 4.194304MHz NC-18C (Nihon pens Kogyo) © Ceramic filter: CSA4.00MG (Murata) 


Rt: IMQ +20% . Rf. 1MHz+20% 
C: : 22pF+20% . - Ci : 30pF+£20% 
C2 : 22pF+20% C2 : 30pF+20% 


(Note 2) (Note 3) 





Vec-0.5 
Osc, . 


tCPr (cpt 


(Note 4) 


RESET 





(5) Serial interface timing characteristics 
(VcC=3.5V to 6V, GND=O0V, Vaisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


* At Transfer Clock Output 


a emt] renee leon [aT pele iad 


Transfer Clock “High” 


a 
Transfer Clock Rise Time | tec | SER Wow) = | | oo 
Transfer Clock Fall Time | tec | SCK | Wow) [| - | = | 100 [rs [1,2 

2 


Serial Input Data Set-up Time fons | 
Serial Input DataHold Time [tsi | st] + 60] - | - |= | 1 


* At Transfer Clock Input 


aaa ee Seo ae lees ela 


Transfer Clock Cycle Time | teye | 1 
Transfer Clock “High” t 1 
Level Width ses 
Transfer Clock ‘‘Low” t t 1 
Level Width SCKL its 


a Co 
Delay Time ' 
ftsss | Sto | a aa 





Transfer Clock Fali Time 1 
Serial Output Data 12 
Delay Time ’ 
Serial Input Data Set-up Time 1 


Serial Input Data Hold Tine i eae a a | 


(Note 1) Timing Diagram of Serial Interface 






SCK ec —2.0V(0.8 Vcc) « 
0.8V (0.2 Vec)« 


so 
0.7Vec 
Si 
GD. ae 


* Vcc — 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8 Voc and 0.2 Vcc are the threshold voltage for transfer clock input. 


(Note 2) Timing Load\Circuit 


Vec 
Ry =2.6k.2 
Test 
Point 
Cc R 1§2074@ 
30pF 12kQ 7 OF Equiv. 
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5.9 HMCS408CL Electrical Characteristics 
(1) DC characteristics 
(Voc=2. SV to 6V, GND=OV, Vqisp=Vcc- -40V to Ves Ta=-20 to +75° C, if not specified. ) 


Value 
| Symbol Test Conditions Unit Not 
mee a ee co ol os 
| 0.8 Voc 3 a. 
| 0.7Vcec 


Input “High” 
Voltage 


Input ‘‘Low” 
Voltage 





Output ‘High’ 









Voltage 
Output ‘’Low” 
Voltage 
Input/Output RESET, SCK, 2 
Leakage Current Mi! INTo, INT, 
: __| St, S0, OSC; | | cee 
: Vec = 3V, fosc = 4MHz 7s 25° 
Dissipation in zi 2 
Active Mode Vec = 3V, fose = 2MHz mA | 2.5 
Divided by 8: 


Vec = 3V, fose = 4MHz 
Divided by 16 


: Vec = 3V, fosc = 2MHz te 
| | Divided by 8 | . 
Current | Vin (TEST) = Veg —0.3V = 
~ Dissipation in -lstop to Vec BA 4 - 
Stop Mode Vin (RESET) =O0V to 0.3V : i 


Current 
Dissipation in 
Standby Mode 





Stop Mode Vv Vv 
Retain Voltage i cS 


(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; ® Reset state in Operation Mode 
Pin state; @ RESET, TEST ..- Voc voltage 
eDo—D;3, R3 — RY... Voc voltage 
eD,—-0,;, RO — R2, Rio. Rat - - Vdisp voltage 
(Note 3) The timer/counter operate and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
® Input/Output; Reset state - 
® SERIAL Interface ; Stop 
Pin state; ® RESET .--GND voltage — 
@ TEST --- Voc voltage 
eD,—D;,R3—R9...V Cc voitage 
*D4—Dis, RO — R2, Rag, Rat -.- Vdisp Voltage 
(Note 4) Pull-down MOS current is excluded. 
(Note 5) When fog-=* [MHz] , the Current Dissipation in operenen mode and Standby mode are estimated as follows: 


max. value (fog¢=X [MHz] } = 3x max. value (fog¢74 [MHz] } 
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(2) Input/output characteristics for standard pin , 
(Vcc=2.5V to 6V, GND=0V, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified.) 


Value 


typ |_ max __| 
Input “High” Do — Ds, | 
Input ‘’Low’”’ Do — Ds, 
Be 7) 
Do ag D3, i. _ 
R3 — R8 —low =1.0mA Vec—1.0 V 
aR | vsonme verve = = |v | 
Output “Low” Vv Do — D3, - 
Voltage OL R3— RB lo. = 1.6mA Vv 
| 30 


—_ 


Output “High” 
Voltage 


—_ 


= 
5 
NO 


Do — Ds, Vec = 3V, Vin = OV 


Input/Output Do — Ds, 7 
Leakage Current Mel R3—R9 Vin = OV to Vcc 
15 


< |< 
= rc 





Pull-Up MOS ee 3 
Current R3 — RO Vec = 5V, Viz = OV | 60 | 150 | 


(Note 1) Applied to |/O pins specified as “*CMOS Output”. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to !/O pins specified as “with Pull-up MOS”. 


(3) Input/output characteristics for high voltage pin 7 
(Vcc=2.5V to 6V, GND=OV, Vdisp=VcC-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


OT ae eee ees 
Test Conditions - Unit Note 
ft min | tye | max 
Input “High” 


D, — D,s5, R1, 
Voltage Vin R2, Rao, Rat 0.7Vec Vect0.3 | Vv 


Item Symbol 





Input “Low” D4 — Dys, R11, 
Voltage Vin R2, Rao, Rar} 
—low = 15mA, Vec = 5V 
+ 20% 
Dg — Ds —lon = 10mA, Vec = 5V 
+ 20% 
Output “High” "| —lon =4mA 
- Voltage Vou —low = 3MA, Veco = 5V 
—low = 2mMA, Voc = 5V 
+ 20% 
—loy =0.8mA 
Dg — Dis ee "7 
Output “Low” Vow RO — R2 Vain = Vec—40V om 
me ed 
Input/Output tie D4 — Ois5 
Leakage le RO — R2, Vin = Vec—40V to Vcc HA 3 
Current Rao, Rar 
D4 — Dis 
Pull Down MOS Vaiso = Vee—35V 
Current pe Rey R2, Vin =Vec He : 


(Note 1) Applied to I/O pins specified as “with Pull-down MOS”. 

(Note 2) Applied to 1/O pins specified as “without Pull-down MOS (PMOS Open Drain)”. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins specified as “with Pull-down MOS”. 
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(4) AC chavacbarieiies 


_(Vee=2. 5V to 6V, GND=OV, disp" Vcc-40V to Vecs Ta= 20 to 475° Cy if not specified. - 


Item — 


Clock Oscillation: FAeauency: 


instruction Cycle Time 
— Oscillation Stabilization Time 


External Clock 
“High” Level Width 


External Clock 
“Low” Level Width 
External Clock Rise Time — 
External Clock Fall Time 
INTo “High” Level Width © 
TNTo “Low” Level Width 
INT: “High” Level Width 
INT: “‘Low” Level Width 
RESET “High” Level Width 


Input Capacitance 


_ RESET Fall Time. 


2 21212 81318 
A9/9] 8 | S 


2 


Test _Yalue 


Conditions 


divide-by-16 
ee 


Cc 


nn 


“Symbol nit 


< 
xo) 


oS ; oe 


NO 
Oo 


ee , OSC, 
divide-by-16 
‘divide-by-8 
divide-by-16 
_| divide-by-8 


topL 


N 
(=) 


lopr 
: tept 





tio 





tae 


tRsTH RESET 


teye 
f=1MHz 
Vin = OV 


oO 


ae) 
wn 


in 


trstt 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.5V at “Power-on”, or after RESET 
input level goes to “’High’’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than trc to obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 

: stabilization time depends on the circuit constant and stray capacity. 


Crystal oscillator 


GNO 
» Crystal: 2.097152 MHz 0.5=MGQ308C 
Rf : 1IMQ+20%, Rd = 2.2k2+20% 
Ci : 10 pF+20% 
C, : 10 pF+20% 


(Note 2) 


tcPr tcpr 


(Note 4) 


RESET 
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Ceramic filter oscillator 





GNO 
Ceramic filter: CSA2.000MK (Murata) 


Rf: 1MHz+20% 
Ci : 30pF+20% - 
C2 : 30pF 420% 

(Note 3) 





lad | lend re | 
2 j2 
o a a 10 


Note 





(5) 


Serial interface timing characteristics 


(Vcc=2.5V to 6V, GND=0V, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


At Transfer Clock Output 


item 


Transfer Clock Cycle Time 


Transfer Clock “High” 
Level Width 


Transfer Clock ‘‘Low”’ 
Level Width 


Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 


At Transfer Clock Input 


Item 


Transfer Clock Cycle Time 


Transfer Clock “High” 
Level Width 


Transfer Clock ‘‘Low” 
Level Width 


Transfer Clock Rise Time 
Transfer Clock Fall Time 


Serial Output Data 
Delay Time 


Serial Input Data Set-up Time 
Serial Input Data Hold Time 


Test 


| 

[Pi nane | condition (aire mae] 

wna |os [= [= 

fen [SR [owen [os | | | om 
[tscxe | SCK 


ee 
ftscxr | SCK_ | (Note 2) 


Ce 


Ce aes eee anions i ORI Ie a 
cee nee = 


em mee [a 
= = ee 


fe | fp Pe 
few [ee 


er +} SHS 


fee [© [wma -[-[o|m 


tgeye 


Test Value 


(Note 1) Timing Diagram of Serial Interface 


SCK 


so 


Si 


Vec —2.0V (0.8 Vec)« 
0.8V (0.2 Vec)« 






GD. a: 
0.3 Vec_ 


Note 
Tee 
1,2 


Note 





* Voc —2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8 Voc and 0.2 Vcc are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 
Vec 
Ry =2.6k:. 
Test 
Point 
c R 1$2074@ 
30pF 12kQ or Equiv. 
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5.10 HMCS408AC Electrical Characteristics 
(1) DC characteristics — re ent ah eta 
(Vcc=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified.) — 


: 
4 
c 
) 


ne) 
oO 
Lo) NO 
<}< 
S| 3 














RESET, SCK, 0.8V Vv 40.3 - . 
Input “High’’ INT), INT, “OVCC cct¥.3 | 
Voltage Seo. sie Omen | 
Ce | 
are a a SET 
a 
CKS 


RESET, SCK, 
| INT, INT, 
O 


< 
Qo 
oO 
I 
dl (RE 
So 





Output “High” | oy | ga slow = 1.0 mA ee taa? | 
Voltage ion =05mA—*+Y| Veo -05 a 
RESET 
Input/Output : : 
Mint INT), INT, | Vin = OV to Vec - 1 1 
Leakage Current SI, SO, OSC, |. } S 






Current 
Dissipation in 
Active Mode 


Vec we 5V, tose = 8BMHz 
Divide-by-4 






2.5 








Vec =5V 
fore = 8 MHz 
Divide-by-4 - 





Current 
Dissipation in 
Standby Mode 


3.5 | 











Vin (TEST) = Vee —0.3V 
to Vec 
Vin (R ESET) be 






Current 
Dissipation in 
Stop Mode | 
Stop Mode 
Retain Voltage 












OV to 0.3V 







(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; ® Reset state in Operation Mode 
Pin state; ®@ RESET, TEST ..- Voc voltage 
eD, — D3, R3 — RY... Voc voltage 
@ D, — Dis, RO — R2, Rag, Raq ... Vaisp voltage 
(Note 3) The timer/counter and input/output current does not flow. 
Test Conditions: MCU state; ®@ Standby Mode 
® Input/Output; Reset state 
@ SERIAL Interface ; Stop 
Pin state; @ RESET ...GND voltage 
@ TEST --- Vog voltage 
® Dy — D3, R3 — RY... Voc voltage 
e - A ; ; 
(Note 4) Pull-down MOS current is excluded. pari: Pao. Rat ™ Vdisp voltage 
(Note 5) When fo,,=x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


max. value (fog.=X [MHz] } =2 x max. value (fog¢=4(MHz] ) 





(2) Input/output characteristics for standard pin 
(Vcc=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


item 


Input “High” 
Voltage 


Input “Low” 
Voltage 


Output “High” 
Voltage 


Output ‘’Low”’ 
Voltage 
Input/Output 
Leakage Current 


Pull-Up MOS 
Current 


R3 — R5, RO 


Vig Do es 
V ; Do — D3, 
IL R3 — R5, RY 
R3—R8 
Vou 
Do — Ds, 
R3 — R8 
V Do —Ds3, 
Do al D3, 
Wiel R3 — RO 
Do — D3, 
R3 — RY 


Test Conditions. 


lon = 1.0mA 
—lon =0.5mA 
lot =16mA 


Vin = OV to Vcc 


Vee = 5V 
Vin = OV 


(Note 1) Applied to !/O pins specified as “CMOS Output”. 
(Note 2): Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins specified as “with Pull-up MOS”. 


| min | ye | 


Pave [= 
[vec-10 | — 
vee | = 


(3) Input/output characteristics for high voltage pin | 
(Vcc=4.5 to 6V, GND=0V, Vdisp=Vcc-40V to VCC Ta=-20 to +75°C, if not specified.) 


Item 
Input “High” 
Voltage 


Input “Low” 
Voltage 


Output “High” 
Voltage 


Output “Low” 
Voltage 


Input/Output 
Leakage 
Current 


Pull Down MOS 
Current 


Vv Dg — Dis, R1, 
D, — Dis, R1, 
Vie R2, Rao, Ras 


: = 


Da — Dis, 

7 RO — R2 
a Ds — Dis, 
RO — R2 


D4 — Dis, 
RO — R2, 








~low=10MA, Voc =5V+20% 
—lon=4mA | 
~Ton=3MA, Voo=5V220% 
lon =2mA, Veo=5V+20% 
—loy-0.8mMA 


V disp = Vec —40V 


150kQ to Vec —40V 


Vin = Vcec—40V to Vec 


V disp -_ Vec—35V 
Vin = Vec 


(Note 1) Applied to {/O pins specified as “with Pull-down MOS”. 

(Note 2) Applied to 1/O pins specified as “without Pull-down MOS (PMOS Open Drain)”. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to 1/O pins specified as ‘‘with Pull-down MOS”. 





Unit Note 
p= ivi 
Lee 


Lae) 


BEE 
150 LA 3 


Note 


—, 


N 


wo 


> 
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(4) AC characteristics oe i ue ! ee: 
(Vcc=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


te ee Tet | Vawe 
é ae Conditions [typ [mex | um | New 


is OSC, , OSC, divideby-4 0.4 | 
tev see esee ce. s4 divide-by-4| 0.89 


Clock Oscilation Frequency 


Instruction Cycle Time 


‘= 






Oscillation Stabilization Time | tac |. OSC,, OSC, Fo = | = | 20 | 1 
External Clock 4 . 
“High” Level Width CPH 2 
External Clock 

tepL 


“Low” Level Width : 


External Clock Rise Time tepr a ee 
eed 
aie 
eee! 
aaa 


INTo “High” Level Width tioH INTo 
INTo “Low” Level Width tio. INTo 
TNT, 


iNrt “High” L aual \ALi Ath *.... ini ia 


« 
eowua 


External Clock Fall Time 
— 


beV¥OE VUULTLE SIH 


INT: “Low” Level Width INTi 


2 {2 
ala 
&! Ww) w 


RESET “High” Level Width RESET 


ee a 
feel see 
ee te tee Oe 
( 
RESET Fall Time. taste | a ee ee 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Voc reaches 4.5V at “Power-on”, or after RESET 
input level goes to ‘High’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than tac to obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 


eo ierdl «-@ | 

2 i2 

Qa jo 
WIG] pol poy Pp 


Crystal.oscillator . Ceramic filter oscillator 





Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) =—s-_ Ceramic filter: CSA4.00MG (Murata) 
Rt: 1MQ +20% Rf: 1MHz+20% 
Ci ; 22pF+20% Ci : 30pF+20% 
C: ; 22pF+20% C2 ; 30pF+20% 

(Note 2) (Note 3) - 





tCPr tcPf 
(Note 4) 


RESET 
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(5) Serial interface timing characteristics 
(Vcc=4.5V to 6V, GND=OV, Vdisp=cc-40V to Vcc, Ta=-20 to +75°C, if not specified. ) 


* At Transfer Clock Output 


: Test a 
iis ee Conditions pref we [mex | dh as 


Transfer Clock Cycle Time | = SCK_— | (Note 2) a et ee Stage -Il 1,2 


Transfer Clock “High” 
cas =f ee 


Transfer Clock “Low” t ‘ 1.2 
Level Width Sekt Scyc ; 
Transfer Clock Rise Time —— (Note 2) ——— 1,2 
Transfer Clock Fall Time 1,2 
Serial Output Data 12 
Delay Time ; 


Serial Input Data Set-up Time 1 


* At Transfer Clock Input 


et ae ee | Conditions |~min | tye _| pad aa 
ye [mar 
‘Transfer Clock ‘‘High” 
Level Width 
Transfer Clock “‘Low” . t 
Level Width SCKL 
Transfer Clock Fall Time | | = { 100 | ns | 1 


Serial Output Data 
Delay Time 





tgeyc 1 







Serial Input Data Set-up Time 
Serial Input Data Hold Time 


SCK Vec —2.0V (0.8 Vec)+ 
O0.8V (0.2 Vcc)« 


so 


0.7Vcc 
Si 
os 
* Vcc — 2.0V and 0.8V are the threshold voltage for transfer clock output. - 
0.8 Vcc and 0.2 Vcc are the threshold voltage for transfer clock input. 


(Note 2) Timing Load Circuit 


Vec 
Rt =2.6ky 
Test 
Point 
C R 1$2074@ 


30pF 12kQ or Equiv. 
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(6) Characteristics Curve (Reference Data) 


fosc=4MHz, 
divide-by-4 


Ige max.( mA ) 


I spy max.( mA 2: 





10 





Vee (V) 
Icc vS Vcc Characteristics 


(Crystal, Ceramic Filter 
Oscillator Option) 


Ispy vs Voc Characteristics 


(Crystal, Ceramic Filter 
Oscillator Option) 


200 


-Ip(u#A) 
Ig (4A) 





0 10 20 30 40 50 60 70 
: Vec ~ Vatep CV) 
Iq vs (Vcc - Vdisp) Characteristics 





- Ip vs Vcc Characteristics 
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rel 
LW LL 


HY AR 
Aas 


0 al 0.4 ae 08 10 12 14 16 18 20 
Vou (V) 
IoL min vs Voy, Characteristics 
(Standard Pin) | 


To min.( mA ) 





~lon min.( mA ) 
-Iog min.( mA ) 





Veo-Vou(V) 
-Ioqy min vs (Vcc - Voq) Characteristics 
(Dy - D5 Pins) 


-Ioy min.( mA ) 





0 02 04 06 08 10 12 14 16 18 2.0 

Vec -Von (V) 
-IoqH min vs (Vcc - Voy) Characteristics 
(Standard Pin) 





Vec7Vou (V) 
-Ioy min vs (Vcc - Voy) Characteristics 
(Ro - Ro Pins) 
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5.11 


Supply Voltage 


Terminal Voltage VT 


Total Allowance of Input Currents Zlo oe ee ee 


HMCS412/414 Absolute Maximum Ratings 


—0.3 to +7.0 


—0.3 to Vcc +0.3 





Vcc —45 to Vcc +0.3 


3 
> 


ss ; 


Maximum Input Current Ft 7,8 
Maximum Output Current a See a: ae mA 9,11, 13 
Total Allowance of Output Currents ee ee en mA 6,13 


(Note 1) 


(Note 2) 
(Note 3) 
(Note 4) 
(Note 5) 
(Note 6) 
(Note 7) 
(Note 8) 
(Note 9) 
(Note 10) 
(Note 11) 
(Note 12) 
(Note 13) 


Permanent damage may occur if ‘‘Absolute Maximum Ratings” are exceeded. Normal operation should be under the conditions of 
“Electrical Characteristics’. If these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 

All voltage are with respect to GND, 

Applied to standard pins. 

Applied to nigh voitage pins. 

Total allowance of input current is the total sum of input current which flow in from all 1/O pins to GND simultaneously. 

Tota! allowance of output current is the total sum of the output current which flow out from Vcc to all 1/O pins simultaneously. 
Maximum input current is the maximum amount of input current from each I/O pin to GND. 

Applied to D, — D, and R3 — R4. 

Maximum output current is the maximum amount of output current from Vcc to each 1/O pin. 

Applied to D, — D, and R3 — R4. 

Applied to RO — R2. 

Applied toD, — D,,. 

—Zlo = 100mMA if —ig is equal to or less than 2MA, 3mA, or 15mA. 
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5.12 HMCS412C Electrical Characteristics 


(1) DC characteristics . 
(Vcc = 3.5Vto 6V, GND = OV, Vdisp = VCC—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Value 
Item svmbot | Finname Test Conditions —=ceo Unit | Note 
. RESET, 
Input “High” r R32/INTo, 0.8Vcc Vect0.3 
Voltage 1H R33/INT, 


Yeo [ = Veat03 v 


RESET, 
R32/INTo INT 










Input “Low” 













Voltage VIL R33/INT;, 
Input/Output anh 
Leakage Current Mit! R;,/INT,, OSC, Vin = OV to Vcc ! 
F le : ; 
Vcc = 5V, fosc = 4MHz 
Current divide-by-8 a 
Dissipation in Icc Vcc 
= a ee ed CTE 
ivide-by- 
Vcc = 5V, fose = 4MHz : 
Current divide-by-8 Pal 0 
Dissipation in ISBY Vcc. 
ari a 
divide-by-4 
Current | per 
Se eee Vin (TEST) = Vcoc—0.3V to Vcc 
_ Dissipation in Ist Vcc mn A 4 
Stop Mode | VCC. Vin (RESET) = 0 to 0.3V Se 
Stop Mode 


' (Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; @ Reset state in Operation Mode 
Pin state; e RESET, TEST ... Vcc voltage 
eD, — D,, R3 — R4... Vec voltage 
eD, —D,,, RO— R2, Rao: Rai --- Vdisp voltage 
(Note 3) The timer/counter operate with the fosinct clock and input/output current does not flow. 
Test Conditions: © MCU state; ® Standby Mode 
® Input/Output; Reset state 
Pin state; e RESET ... GND voltage 
e TEST ... Vcc voltage 
eD, —D,, R3 — R4... Vcc voltage 
e D, - D.,., RO — R2, Rao, Rai -:. Vdisp voltage 
(Note 4) Pull-down MOS current is excluded. 
(Note 5) When foge = x [MHz], the Current Dissipation in eae mode and Standby mode are estimated as follows: 








max. value (fgg = x [MHz] } =x max. value (fos = 4[MHz] } 


HITACHI 119 





(2) Input/output characteristics for standard pin 
(Vcc = 3.5V to 6V, GND = OV, Vyisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not specified.) 









—| = 1.0mA Vcec—1.0 
Output “High” Ranh? 
“Voltage. ; D,—D 
; ’ 0 3e = = 4 
_ R,,, R4 IOH = 0.5mA Voc 0 
‘Output “Low” - Do — D3, = 
Voltage VOL » R31, R4 lOL = 1.6mA B= | 


< 
Oo 
x 


Item : svmbot | | ae ae | | | aa Conditions i Note 
waar [ow Rae | one = [real 
tae [we fee [Le [Le 


Input/Output Do ~Ds, eas 
Leakage Current |° Mie! het Vin = OV to Vcc 


Pull-Up MOS 
Current 


Do — D3, ~Vec=5V | 
R3,, R4 Vin = OV 
(Note 1) Applied to 1/0 pins with “CMOS” Output selected by mask option. 


(Note 2) Pull-uo MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins with “with Pull-up MOS” selected by mask option. | 


= 
w& 


NO 


(3) input/output characteristics for high voltage pin 
(Vcc = 3.5V to 6V, GND = OV, Vdisp = VCC—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


a i Value 
Vensge fv [Rea [| 07vec | - | vecra | 
Input “Low” D, —Dy, R1 2 


—lIOH = 15mA, Vcc = 5V + 20% | Vcc—3.0 


—IOH = 10mA, Vcc = 5V + 20% 





Vcec—2.0. 


—lIOH S4mA: Vcec— 
—IOH = 3mA, Vcc = 5V + 20% | Vcc—3.0 





Output ‘‘High’”’ 
Voltage VOH 


< 
Q 
° 

w 

~“ 


1.0 
~IOH = 2mA, Vcc = 5V + 20% | Vec—2.0 
1.0 


a -Dis Vdiso = Vec—40V 

Voltage OL D, = Dis 

. RO -—R2 150kQ to Vcc—40V Cl Vcc—37 2 
Input/Output D4 ~ Dis ’ 
Leakage ane RO — R2 Vin = Vec—40V to Vcc 3 
Current RA1 

: D4 —D 

Pull Down MOS we Vdisp = VCC—35V 
Current je Ae Ne Vin ® vec . : 





(Note 1) Applied to 1/O pins with “with Pull-down MOS” selected by mask option. 

(Note 2) Applied to I/O pins with “without Pull-down MOS (PMOS Open Drain)” selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with ‘with Pull-down MOS” selected by mask option. 
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(4) AC characteristics (Vcc = 3.5V to 6V, GND = OV, Vdisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Item ymbol Conditions a nit Note 


ek Tin [ve [max 
Oscillation Frequency fosc Foscy,ose, omens | oe | 




















Oscillator Stabilization Time ics ae ee ee ee 1 
External Clock “High” eee ee ee 2 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 3.5V at “Power-on”, or after RESET input level goes 
to “High” by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than 
trc is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker’s or ceramic filter maker's advice because oscillator stabilization time depends on the circuit constant and stray capacity. 











(Note 2) 
Vcc—0.5V 
OSC, 
tcpr tcp. 
(Note 3) 
Crystal: 4.194304MHz av 
NC-18C (Nihon Denpa Kogyo) 
Re=1 [MQ] + 20%, INT... INT. 
C, =C, = 22 {pF] + 20% Gir i 
C, 
Ceramic (Note 4) 
filter 
RESET 





Ceramic filter: CSA 4.00MG (Murata) 
Re = 1 [MQ] + 20%, 
C, =C, = 30 [pF] + 20% 
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5.13. HMCS412CL Electrical Characteristics 


4) pc characteristics Wee = 2.5V to 6V, GND = ov, Vdisp * = ica to Vee, Ta= 20 to +75°C, if not EE ) 


Item ey iel 


Input “High” 
Voltage 


: RESET, 
Input “Low” Vv R32/INTo, 
‘Voltage IL R33/INTy 


Input/Output find 
Leakage Current IL 








Test Conditions — 





Pin Ne Name 















R32/INTo, 





Vin = OV to Vcc 





R33/INT,, OSC, 
Vcc = 3V, fosc = 4MHz 
Current . | divide-by-16 mA 2,5 
Dissipation in lec Vcc 
Active Mode. | Vcc = 3V, fose = 2MHz : 


divide-by-8 = a 0.8 mA 2,5 


Vcc = 3V, fose = 4MHz 
divide-by-16 


Vcc = 3V, fose = 2MHz 
divide-by-8 







Current _ 
Dissipation in 
Standby Mode 





















Current 
- Dissipation in 
Stop Mode 


» Stop Mode 
Retain Voltage 








Vin (TEST) = Vec—0.2V to Vcc 
Vcc. Vin (RESET) =0 to 0.2V 


(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 





Pin state; © RESET, TEST ... Vcc voitage 
eD, —0;,R3 — R4., . Vcc voltage 
° D, - De, RO— R2, Rat. Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not tlow. 
Test Conditions: MCU state; @ Standby Mode 
© input/Output; Reset state 
Pin state; ® RESET ... GND voltage 
@ TEST ... Vcc voltage 
eD, —0,,R3 — R4... Voc voltage . 
e D, = Dig. RO — R2, Rat nes Vdisp voltage 





(Note 4) Pull-down MOS current is excluded. 
(Note 5) When foge = x [MHz], the Current Dissipation in renin mode and Standby mode are estimated as follows: 


max. value (fose = x{MHz}) 3x max. value (foso = 4{MHz] ) 
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(2) input/output characteristics for standard pin 
(Vcc = 2.5V to 6V, GND = OV, Vidisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Value 
Item Symbol Test Conditions are CT ae Unit | Note 
Input “High” Do — D3, R30, 
Voltage R31, R4 0.7VcC Vecis:) ¥ 
Input “Low” Do — D3, R30, 


Output “High” oe . : 
Voltage VOH R31, R4 10H = 0.3mA Vcec—0.5 


Pe! 


Output “Low” 


Do =r D3, R30, = 
Voltage rol saeiacgiild Ls ee 
Input/Output Do — D3, Rao. ae 
Leakage Current Mic! R3,, R4 Vin OMe NCC uP . 
Pull-Up MOS Dei Ds, Bie, Vc = 3V, Vin = OV | 3 ts] 80 3 


(Note 1) Applied to !/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/O pins with “with Pull-up MOS” selected by mask option. 





(3) input/output characteristics for high voltage pin P 
(Vcc = 2.5V to 6V, GND = OV, Vdisp = Vcc—40V to Vcc, Ta = —20 to +75 C, if not specified.) 


Input “High” 


Da — Dig, R1 
Vata [Min | Renae | V0 
Input “Low” Dy, — Dy, R1 : = 
Voltage VIL R2,RA4 Vec—40 


—IOH = 15mA, Vcc = 5V + 20% | Voc—3.0 
Dy — Dy, —IOH = 10mA, Vcc = 5V + 20% | Voc—2.0 


: 
4 
Cc 
) 


Unit | Note 


typ 
Vecto.3 | Vv 


< 


0.3Vcc 


Output “High” VoH —IOH = 2.5mA Vcc—1.0 
Voltage —loH = 3mA, Vcc = BV + 20% | Vcc—3.0 
—IQH = 2mA, Vcc = 5V + 20% | Voc—2.0 


—IQOH =0.5mA Vcc—1.0 


Output ‘‘Low” 
Voltage VOL 





150kQ to Vcc—40V 


Input/Output Ds, - Dia 
Leakage lil RO — R2 Vin = Vec740V to Vcc 
Current RA1 


Current Vin=Vcc 





> 
p 


> 
w 





(Note 1) Applied to I/O pins with “with Pull-down MOS” selected by mask option. 

(Note 2) Applied to 1/0 pins with ‘without Pull-down MOS (PMOS Open Drain)”’ selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to 1/O pins with ‘with Pull-down MOS” selected by mask option. 


HITACHI 123 


(4) AC characteristics (Vec = 2.5V to 6V, GND = OV, Valiso~ = Vec-40Vv to Vec.T a= = —20 to +75° C, ‘if not seine 


Test 


























Ic na C 
External Glock “High” an Sn eee 2 
External Clock “Low” == ee 2 
iNT, “Low” Levei Width TIL iNT, 2 _ = oe 3 
RESET “High” Level Width RESET CRORE Ee ar ais Rte Bc 4 
Vin = ov 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.5V at “Power-on”, or after RESET input level goes 
_ to “High” by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than 
tre is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on the circuit constant and stray capacity. 


(Note 2) | 








; 1/fop 
Vcec—0.3V 
Osc, 
tCPr tCPf 
Crystal: 2.097152MHz (Note 3) 
DS-MGQ 308 (Seiko) 
R¢ = 1MQ +t 20%, Rg = 2.2kN + 20% INT,, INT, 
C, =C, = 10pF + 20% pes 
(Note 4) 
RESET 





Ceramic filter: CSA, 2.000MK (Murata) 
= 1[MQ] + 20%, C, =C, = 30[pF] + 20% 
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5.14 HMCS412AC Electrical Characteristics 
(1) DC characteristics (Vcc = 4.5V to 6V, GND = OV, Vdisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


| Value 
Item Symbol fPinname | Tot Condone | Fan Contton Conditions ee Unit | Note 


eee host 


Input “High” 


Voltage VIH 





Input ‘“‘Low” 
Voltage 


Input/Output 
Leakage Current 







Current = a 
Dissipationin | tcc | Vcc BCG oe res 3.0 | mA] 2,5 
Active Mode y 
Current. 
Dissipation in | 'sBy | Vcc 
Standby Mode 
Current aa = 
Cees one Vin (TEST) = Vec—0.3VtoVcc 
Dissipation in Isto Vcc Oe e 
Stop Mode Vcc, Vin (RESET) = 0 to 0.3V 





Stop Mode 
Retain Voltage Vcc 


(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; @ RESET, TEST ... Voc voltage 
eD, —D,,R3 — R4... Voc voltage 
@D, —0,,, RO — R2, Raq ... Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output arene does not flow. 
Test Conditions: MCU state; e Standby Mode 
e Input/Output; Reset state 
Pin state; @ RESET ... GND voltage 
e@ TEST ... Voc voltage 
eD, —0,,R3 — R4... Vcc voltage 
eD, —D,,,RO — R2, Raq ... Vdisp voltage 
(Note 4) Pull-down MOS current is excluded. 
(Note 5) When foge = x [MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


max. value (foc. = x [MHz] ) = 2x max. value (fose = 4{MHz} ) 
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(2) input/output characteristics for standard pin . | | 
(Voc = 4.5V to 6V, GND = OV, Vaisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


. . Value 
Item Symbol Pin Name Test Conditions Unit | Note 
Input “High” War | ey adi | 0.7Vcc 
Input ““Low” 

e ViL 


Do = D;, R30, 
— Voltage Rai,R4 
Output “High” VoH 317 ; 
Voltage Dy — Ds Rs, 
| R3,,R4 —loH =0.5mA ; Vcc—0.5 





Output “Low” Do — D3, R30, es 

Voltage R3i,R4 | OL hem 
Input/Output Do — D3, R30, ee : 

~ Leakage Current Hiv! R31, R4 Vin = OV to Vee 


ze 
nN 





Pull-Up MOS Do — D3, R30, Vcc = 5V 
Current R3,, R4 Vin = OV 
(Note 1) Applied to I/O pins with “CMOS” Output selected by mask option. 


(Note Z) Puii-up iWOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins with “with Puil-up MOS” selected by mask option. 


BE 
Oo 
a 


(3) Input/output characteristics for high voltage pin. : 
(Vcc = 4.5V to 6V, GND = OV, Vdisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


: 7 | Value | 
Input “High” D4 — Dig, R1 
Input “Low” D4 — Dy4, R1 = 
Voltage VIL R2,Ra4 Vcc—40 0.3Vcc V 


ionetena——=di Ves — |v 
De-Du — [=TOH=TOmA__——=«dVco=@0p = | = | Vv 
output “Hah” | ye, veoto[ =| - [Vv] 


Voltage -IOH = 3mA — Vcc-3.0. 
- =IOH = 2mA : Vcec-2.0 





< 


—!0H = 0.8mA Vcc—1.0 
oles Vdisp = Vec—40V 
Output “Low” RO — R2 disp = VCC 
Voltage VOL Dra Da a 
RO — R2 150kQ2 to Vcc—40V 


Vcec-—37 


eee 
Ee 
s 
= | Vcc-37 










L | [shelae 
NO 


Input/Output 

Leakage ly! Vin = Vec—40V to Vcc 3 
Current. 

Pull Down MOS = bit Vdisp = Vec—35V i 
Current Rat Vin= Vcc 






(Note 1) Applied to 1/0 pins with “with Pull-down MOS” selected by mask option. 

(Note 2) Applied to I/O pins with ‘without Pull-down MOS (PMOS Open Drain)” selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 
(Note 4) Applied to I/O pins with “with Pull-down MOS" selected by mask option. 
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(4) AC characteristics (Vcc = 4.5V to 6V, GND = OV, Vdisp = VcC—40V to Vcc, Ta = —20 to +75°C, if not specified.) . 














emer few foe [owes [= [= [- [oT 
Level With Ce ae od ke ee Ee 2 
a 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at “Power-on”, or after RESET input level goes 
to “High” by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than 
trc is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker’s or ceramic filter maker’s advice because oscillator stabilization time depends on the circuit constant and stray capacity. 












C, (Note 2) 
Crystal Vcc—0.5V 
Osc, 
0.5V 


tcPr tcPf 


Crystal: 4.194304MHz 
NC-18C (Nihon Denpa Kogyo) (Note 3) 

R¢e= 1 [MQ] + 20%, INT,, INT, 
C, = C, = 22 [pF] + 20% : 








Ceramic 
filter 


(Note 4) 


RESET 





GND 


Ceramic filter: CSA4.00MG (Murata) 
R¢ = 1 [MQ] + 20%, 
C, = C, =30 [pF] + 20% 
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HMCS412 Characteristics Curve (Reference Data) 


















a8 
& Z 
* ’ fosc=4MHz, 
& F divide-by-4| | 
ray fosc=4MHz, 
er) = divide-by-8 
| fosc=4MHz, | 
1 a | divide-by~16 


Pitie Sie 
0 1 2 3 4 5 6 7 8 9 
| Voc (V) 


Icc vs Vcc Characteristics (Crystal,Ceramic 


Filter Oscillator) 


-IpC#A) 





Veo (V) 


-Ip vs Vcc Characteristics 
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Iggy max (mA ) 


~Ig(#A) 





| divide-by-4 
fosc=4MHz, | 


divide-by-8 


0 i 2 3 4 5 6 7 8 9 


Voc (V) 





0 10 £20 30 40 50 60 70 
( Vog ~ Vaisp ) CV) 


Iq vs (Vcc-Vdisp) Characteristics 








< < 
Q Q 
a a 


4.0 

< 
E ~ 3.0 
ww < Voc 
c S 

& 
E E 
- 7 


1.0 





B\ a a a 
ENN ee ae a 
Bik el eee ee ae 
ee ae ae 
mae Ct ee ee 





Ree Ge ee 
Oe CR Ae eee 





ee EEN a ae 


0 02 04 06 08 10 12 14 16 #218 2.0 
Vor (V) 
IOL min vs VoL Characteristics 


0 02 04 06 08 10 12 14 16 18 20 22 24 
Vee" Vou (V) 
-Ipoy min vs(Vcc-VoH) Characteristics 
(Standard Pin) ; (Standard Pin) 


- Toy min(mA) 





Veco Vou ¢V) Vee Vou V) 
- -IoH Min vs (Vcc-VoH) Characteristics -Ioq min vs (Vcc-VoyH) Characteristics 
(D4-Ds5 Pins) | (RO-R2 Pins) 
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5.15 HMCS414C Electrical Characteristics 
(1) DC characteristics (Vcc = 3.5V to 6V, GND = OV, Vdisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Value 

Item _ | Symbol Test Conditions — Unit | Note 
RESET : 

Input “High” iy 3 R32/INTo, 0.8Vcc Vect0o.3 ev] 
Voltage 1H Ra3/INT; 


Tvee-08] - [veoroa] v | 
RESET, 


Input “Low” | R32/INTo, 
Voltage R33/INT, 





RESET, 


R32/INTo, Vin = OV to vcc 
Leakage Current R33/INT,, OSC, | 


Vcc = 5V, fose = 4MHz 
Current | divide-by-8 om ees 
Dissipation in | Icc Vcc oe 


Active Mode 3 ~ 1 Vee = 5V, fose = 2MHz 


Input/Output 





divide-by-4 7 = 1.8 mA | 2,5 


Vcc = 5V, fosc = 4MHz 
divide-by-8 


Vcc = 5V, fosc = 4MHz 
divide-by-4 









Current 
Dissipation in 
Standby Mode 





















Current . 
Dissipation in 
Stop Mode 


Stop Mode 
_ Retain Voltage 


Vin (TEST) = Vec—0.3V to Vcc 
Vcc, Vin (RESET) = 0 to 0.3V 











(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. _ 
Test Conditions: MCU state; @ Reset state in Operation Mode 
Pin state; e RESET, TEST ... Vcc voltage 
eD, —D,,R3 — R4... Vcc voltage 
=: e D, —D,,,RO— R2, Rai --- Vdisp voltage 
(Note 3) The dimier/counter operate with the fastest clock and input/output current does not tlow. 
Test Conditions: MCU state; e Standby Mode 
e Input/Output; Reset state 
Pin state; e RESET ... GND voltage 
e TEST ... Vcc voltage 
e©D, —D,,R3 —R4... Voc voltage 
eD, —0,,,RO— R2, Ra ... Vdisp voltage 








(Note 4) Pull-down MOS current is excluded. 
(Note 5) When fog¢ = x [MHz], the Current Dissipation in ckoeen mode and Standby mode are estimated as follows: 


max. value (fog = x [MHz] ) =x max. value (fose = 41MHz] ) 
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(2) Input/output characteristics for standard pin . 
_ (Vcc = 3.5V to 6V, GND = OV, Vdisp = VcC—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


est Conditions 
Input “High” Do _ D3, R30, 
Voltage VIH R31, R4 RNC 
Input “Low” Vv Do — D3, R30, 
Voltage IL R3i, R4 
| Do — D3, Rao, —IQH = 1.0mA Vcc-1 

Output “High” y R3, : R4 OH . CC . 
a OM [Be = Bs, Rao lou = 0.5mA Vec-0.5 

’ ' —-lOH = 0. CC—Y. 

R3,,R4 

Output “‘Low” Do — D3, R30, = 
Voltage VOL R3,, R4 loL= om” 


Item Symbol Unit | Note 


Vccto.3 


0.3Vcc 


: 8] 2 ; 


Input/Output ~Do — D3, R30, hae 

Leakage Current Mie! R31, R4 Vines OW to:VCC é 
Pull-Up MOS Do = D;, R30, Vcc =5V 3 
Current R31, R4 Vin = OV 





(Note 1) Applied to I/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins with “with Pull-up MOS” selected by mask option. 


(3) Input/output characteristics for high voltage pin 
(Vcc = 3.5V to 6V, GND = OV, Vdisp = VCC—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Value 
Test Conditions 
: ; typ 
Input “High” D4.— Dig, R1 
Voltage VIH 2, 0.7Vcc 


Item Symbol Unit Note 


Input ““Low” Da — Diq, R1 _ 
Voltage VIL R2, Rat Vcc—40 0.3V¢cC 
—lIOH = 15mA, Vcc = 5V + 20% | Vcc—3.0 
Ds — Dig —IOH = 10mA, Vcc = 5V + 20% | Vcc—2.0 


Output ‘‘High’”’ —lOH =4mA Vcc—1.0 
utpu Ig VOH 


Voltage —IOH = 3mA, Vcc = 5V + 20% =| Vcc—3.0 


RO — R2 —IOH = 2mA, Vcc = 5V + 20% | Vec—2.0 





D4 — Dia Vaien = Ver—40V Vcc—-37 | - 1 
Output “Low” VoL RO — R2 disp cc CC 
Voltage Dy — Dig 150k2l to Vcc—40V Vcc—37 2 
RO — R2 
Input/Output Ds, —Dy, 
Leakage lil RO — R2 Vin = Vcc—40V to Vcc 3 
Current RA1 
D, -—D 
Pull Down MOS ps 14 Vdisp = VCC—35V 
Current RO — R2 Vin = Vcc 125 pA 4 
RA 


(Note 1) Applied to I/O pins with “with Pull-down MOS” selected by mask option. 

(Note 2) Applied to I/O pins with ‘without Pull-down MOS (PMOS Open Drain)” selected by mask option. 
(Note 3) _Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to !/O pins with “with Pull-down MOS” selected by mask option. 
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(4) AC characteristics (Vcc = 3. 5\ co 6V, GND = = OV, Vdisp = Vec—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


tem . ymbo Conditions 


ecasaele divide-by-8 
Oscillation Frequency — ee OSC, , OSC, | 04 | 
Boos divide-by-4 | 0.2 | 


_ Instruction Cycle Time ‘ye f eetcs teen cctl 
Oscillator Stabilization Time OSC, , OSC, 


- External Clock “High” ; 0 divide-by-8 
Level Width CPH divide-by 4 
O 


External Clock “Low” , sc divide-by-8 | 92. | 
Level Width | CPL 1 divide-by-4 203 | 


Unit Note 


a” 


External Clock Rise Time — tCPr eat 
External Clock Fall Time {CPt | OSG, 
INT) “High” Level Width tiOH | INTo 
INT) “Low” Level Width tiOL | INTs =| 
INT; “High” Level Width ti1H | INT; 


INT, “Low” Level Width tIL INT, 


RESET “High” Level Width | tasTH RESET 
f = 1MHz © x | 
; : Vin = OV : 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Voc reaches 3.5V at “Power-on”, or after RESET input level goes 
to “High” by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than 
~ tR¢ is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker’s or ceramic filter maker’s advice because oscillator stabilization time depends on the circuit constant and stray capacity. 


oO 
D 
2 











oO 
a 
S| 3 
I 
| fal 
plwlwlwlwfrmlrlrolrofr] ro] a 


Input Capacitance 













N 2 
C, (Note 2) 
Vec—0.5 
Osc,” | 
0.5V 
C, tcPr tcPf 
GND | | 
Crystal: 4.194304MHz . (Note 3) 


NC-18C (Nihon Denpa Kogyo) a 
Re =1 [MQ] + 20%, C, =C, =22 [pF] +20% = 'INTo. INT, 









Ceramic (Note 4) 


filter 
~ sre Re RESET 





m7) 
GND 


Ceramic filter: CSA 4.00MG (Murata) 
Ry= 1 [MQ] + 20%, C, =C, = 30 [pF] + 20% 


132 HITACHI 


Dissipation in | 'SBY Vcc | = : ps | 
cy werner [= [=| os 
Current a 
ad eee Vin (TEST) = Vcc—0.3V to Vcc 
Dissipation in Isto Vcc ES. Es LA 4 
‘Stop Mode e Vcc, Vin (RESET) = 0 to 0.3V 


_ Stop Mode 


5.16 HMCS414CL Electrical Characteristics 
(1) DC characteristics (Vcc = 2.5V to 6V, GND = OV, Vidisp = VCC—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Value 


Test Conditions Unit | Note 


Item Symbol 


Input “High” 
Voltage VIH 





Input “Low” 














Voltage ViL 
RESET 
Input/Output Wee bts 


: VCC = 3V, fosc = 4MHz 
Dissipation in Icc VCC 
sae a Se ESE 
divide-by-8 
Vcc = 3V, fose = 4MHz 
divide-by-16 


Current 


Retain Voltage © Vstop Vcc 





(Note 1) Pull-up MOS current and output buffer current are excluded. 


(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCUstate; © Reset state in Operation Mode 
Pin state; @ RESET, TEST ... Vcc voltage 
eD, —D,,R3 — R4... Vcc voltage 
eD, —D,,,RO— R2, Ray ... Vdisp voltage 





_(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 


Test Conditions: MCU state; @ Standby Mode 
@ Input/Output; Reset state 
Pin state; ® RESET ... GND voltage 
. e TEST ... Vcc voltage 
.©D, —D,, R3 — R4 ... Voc voltage 
eD, —D,,,RO — R2, Ra. ... Vdisp voltage 

(Note 4) Pull-down MOS current is excluded. 
(Note 5) When fose = x[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


max. value (fose = x [MHz] } =x max. value (fose = 4({MHz] ) 
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(2) Input/output characteristics for standard pin 


(Vcc = 2.5V to 6V, GND = OV, Vdisp = VCC—40V to Vcc, Ta = —20 to +75°C, if not specified.) 





vege a Value 
Input “High” Do — D3, R30, | 
Voltage R31,R4 0.7Vcc Vect0.3 | Vv 
Input “Low” — Do — D3, Rao, ee : 
Output “High” Do — D3, Rao, a oe 
Voltage R3,,R4° | —IOH = 0.3mA vec 0.5 Vv 1 
Output ‘‘Low” Do — D3, R30, - 
Input/Output Do — D3, R30, inet 
Leakage Current Mie! R3,, R4 | Vin = OV to Vcc HA 2 
Pull-Up MOS Dy Dy Ais, Vc = 3V, Vin = OV a ee: 
(Note 1) Applied to I/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/0 pins with “with Pull-up MOS” selected by mask option. 
(3) Input/output characteristics for high voltage pin ‘ 
(Vcc = 2.5V to 6V, GND = OV, Vdisp = Vcc—40V to Vcc, Ta = —20 to +75 C, if not specified.) 
Value . nee 
typ | max | 
Input “High” Dy —Dy4,R1 } 
Voltage. VIH | R2, Rad 0.7Vcc Vect0.3} Vv 
Input “Low” Da = Dia, Ri ; 
“lo = 15mA, Voc =5V+20% | Vec-30| - | - | v_ 
—IQH = 10mA, Voc = BV + 20% | Vcc-2.0] — | - | v | 
Output “High” | yo, —lOH = 2.6mA Vec-10/- | - | Vv _ 
—IOH = 2mMA, Vcc = 5V + 20% | Vec—2.0 f= [{ =- [ Vv) 
“igh=0sma veto = | 
EE [o aco 
Vdisp = Voc—40V Vec-37 | V 1 
a Ds = Dia 150k. to Vec—40V - Vec-37 | V 2 
RO — R2 i : 
Input/Output D4 — Dy, 
Leakage l typ! RO — R2 Vin = Vec—40V to Vcc 20 pA 3 
Current RA1 | 
Pull Down MOS eet Vdisp = Vcc—35V aes oid 
Current Rat Vin = Vcc 





(Note 1) Applied to I/O pins with “with Pull-down MOS” selected by mask option. 

(Note 2) Applied to 1/0 pins with “without Pull-down MOS (PMOS Open Drain)” selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with “with Pull-down MOS” selected by mask option. 
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(4) AC characteristics (Vcc = 2.5V to 6V, GND = OV, Vaisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


ee Pvp [mx | | 


| 08 | 4 | 45 
Oscillation Frequency fosc oa | 

| 355 

Loos 


Item Symbol 


divide-by-8 























Instruction Cycle Time teyc a is us 
Oscillator Stabilization Time | tre = | OSC,,08C. | | — | 60 | ms | 1 
peal Clock “High” j tc | ose, FREER ¢ 
External Clock ‘’Low” Fic | ose, Foes | a} at : 
INT, “High” Level Width INT, PTT = T= Ls toy 3 
roncamctaee | cn | ators | Vigne | = | = | os | | 
in 
RESET Fall Time Lic ae eae SIE Rie (ee Oe ae 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.5V at “Power-on”, or after RESET input level goes 
to “High” by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than 
tRc is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker’s or ceramic filter maker’s advice because oscillator stabilization time depends on the circuit constant and stray capacity. 


(Note 2) 





OSC, 
tcPr top r 
GND 
Crystal: 2.097152MHz (Note 3) 
DS-MGQ 308 (Seiko) 
R¢ = 1MQ + 20%, Rd = 2.2k2 + 20% INT,, INT, 


C, =C, = 10pF + 20% 





C, 







Ceramic Ot (Note 4) 


filter a] Re RESET 





Ceramic filter: CSA 2.000MK (Murata) 
R¢ = 1 [MQ] + 20%, 
C, = C, = 30 [pF] + 20% 
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5.17. HMCS414AC Electrical Characteristics © , | 
(1) DC characteristics (Vcc = 4. 5V to 6V, GND = OV, Vgisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


ate Value 
Item S mbol Pin Name . Test Conditions a Unit | Note 


en Ye od 
moan Jou [Rote || te | fee 
2 EA 


Input/Output lta | 
Leakage Current IL 











er “High” 


Voltage IH 
















Ra2/INTo, 


Vin = OV toVcc 
R33/INT;, , OSC, 





Current 
Nts . : Vcc = 5V, fosc = = 4MHz 
Dissipation in Icc Vcc mA 2,5 
Active Mode divide- ‘by- - a 
Current 


Vcc = 5V, fose = 4MHz 


Dissipation in divide-by-4 


Standby Mode 
Current 
Dissipation in 
Stop Mode 


Stop Mode 
Retain Voltage 













Vin (TEST) = Vec—0.3V to Vcc 
Vcc, Vin (RESET) = 0 to 0.3V 











(Note 1). Pull-up MOS current and output buffer current are excluded. . 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; e Reset state in Operation Mode 
Pin state; e RESET, TEST ... Vcc voltage 
eD, —D0,;,,R3 —R4... Voc voltage 
eD, — D,,,RO—R2, Raq... Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; e Standby Mode 
@ Input/Output; Reset state . 
Pin state; e RESET ... GND voltage 
e TEST ... Vcc voltage 
eD, —0,,R3 — R4... Voc voltage 
eD, — 0,,,R0 — R2, Raq ... Vdisp voltage 
(Note 4) Pull-down MOS current is excluded. 
(Note 5) When foge = x([MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows: 


max. value (foge = x (MHz) ) =2x max. value (fogc = 4{MHz]) 
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(2) Input/output characteristics for standard pin 
(Vcc = 4.5V to 6V, GND = OV, Vdisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Item Symbol Test Conditions Unit | Note 


| min [typ] max | 
Do — D3, Rao, 
Input “Low” Do — D3, Rao, 


Voltage Rai, R4 pos | wai 
~IOH = 1.0mA Vec-1.0 ¥ 

© h”’ R31, R4 
Output “Hig 


Input “High” 
Voltage 


ek 


—_— 


Voltage Do — D3, Rao, = 
ey —IoH = 0.5mA Vec-0.5 . 
Do pare D3, R30, = 


Output “Low” 


Voltage 

Input/Output Do — D3, Rao, i As 

Leakage Current Mi! R3,, R4 Vin = OV to Vcc aie : 
Pull-Up MOS Do — D3, Rao, Vcc = 5V uA 3 
Current R3,, R4 Vin = OV 





(Note 1) Applied to !/O pins with “CMOS” Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins with ‘with Pull-up MOS” selected by mask option. 


(3) input/output characteristics for high voltage pin 
(Vcc = 4.5V to 6V, GND = OV, Vdisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not specified.) 


Value 
Item Symbol Pin Name Test Conditions ate Unit | Note 
smoot Pinnone |__min [typ | max | 
Input “High” D4 —Di4, R1 + . 
Voltage R2, Rat 0.7VcC Vect0.3 | V 
Input “Low” Dy — Dy,4, R1 - 
—IOH = 15mA— Vcc-—3.0 
—!IQH = 10mA Vcc—2.0 
—loH = 4mA Vcec—1.0 
VoH ee 
—lIOH = 3mA Vcc-—3.0 
—IOH = 2mA Vcc—2.0 
=0. A) 


—loH =0.8mMA Vec-1 





Output “‘High’”’ 
Voltage 


D4 — Dy, 


RO —R2 Vdisp = Vcc—40V 


Output “‘Low” 
Voltage 


VOL a na 
4—-Di4 = 
RO —R2 150kQ to Vec—40V a 
Input/Output D4, —Dy, 
Leakage ligul RO — R2 Vin = Vec—40V to Vcc 


Current Rai 


D4 — Dig 
RO — R2 
Rat 


(Note 1) Applied to I/O pins with “with Pull-down MOS” selected by mask option. 

(Note 2) Applied to 1/0 pins with “without Pull-down MOS (PMOS Open Drain)” selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to 1/O pins with “with Pull-down MOS" selected by mask option. 


Pull Down MOS 
Current 


‘= 
> 
+ 


ca 
ed 
es 
Lee 
cs 
es 
= | Vcc-—37 
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(4) AC characteristics (Vcc = 4.5V to 6V, GND = ov, Vdisp = Vcc—40V to Vcc, Ta = —20 to +75°C, if not daisies ) 


Test pee Malue! > | 
Item - Sytnbol ein Name | conf Fay —— Unit Note 


Oscillation Frequency OSC, 08¢, | divide -by-4 peas ae 
Instruction Cycle Time “a be ll 
Oscillator Stabilization Time OSC,, OSC, 


External Clock “High” 

“Level Width 'CPH 
Os 
OS 


oan] eee 
a 
Gee 
ees Ere 8 


External Clock ‘’Low” 


N 





External Clock Fall Time tCPf | OSC, 
INT “High” Level Width tiOH EINT oe. 2 
INT» “Low” Level Width TIOL | INT, =| 

















INT; “High” Level Width tiiH {ri 
INT, “Low” Level Width tL 


RESET “‘High” Level Width tRSTH RESET 2 = as teve 


; fad 
¢ O 
& Q 
Bl Ww] wl] wl] wl rm] rd 






Input Capacitance 





RESET Fall Time 


_ (Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at “Power-on”, or after RESET input level goes 
to “High” by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than 
tre is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker’s or ceramic filter maker’s advice because oscillator stabilization time depends on the circuit constant and stray capacity. 









(Note 2) 
Vcc—0.5V 
Osc, . 
tcPr. tcpf 

Crystal: 4.194304MHz (Note 3) 
NC-18C (Nihon Denpa pois! eed ayy 
R¢= 1 [MQ] + 20%, | —INT,,INT, SCC 
C, =C, = 22 [pF] + 20% 0.2Vcc 

(Note 4) 





RESET 0.8Vcc 
| 0.2Vcc 





tRSTE 
GND — 


Ceramic filter: CSA4.00.MG (Murata) 
R¢= 1 [MQ] + 20%, 
C, =C, = 30 [pF] + 20% 
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HMCS414 Characteristics Curve (Reference Data) 


fosc=4MHz, 
divide-by-4 


Tee max.( mA ) 





Veco (V) 
Icc vs Vcc Characteristics (Crystal, Ceramic 


Filter Oscillation) 


-Ip(#A) 





0 1 2 3 4 5 6 7 8 


-Ip vs Vcc Characteristics 





Ig(#A) 


le sue 
a, 


an 
| fosc=4Muz, 


0 1 2 3 4 5 6 7 8 9 10 


Ispy VS Vcc Characteristics (Crystal, Ceramic 
Filter Oscillator) 





Veo ~ Vatsp (VY) 


Ig vs (Vcc-Vdisp) Characteristics 
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5.0 


4.0 







a aaae 
WL 


3.0 


Io, min.( mA ) 





fee 


2 04 98 08 


> 
“TN 


1 
aU 


Vor (V) 
Io, min vs Voy Characteristics 
(Standard Pin) 


~Ioq min.( mA ) 


Vec~Vou(V) 
-Ioy min vs (Vcc-VoH) Characteristics 
(D4 - D5 Pins) 
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Te 
V/ANNN? ae 










© ee 


4.0 





IN 


cr 
ann 


8.0 






-Ioy min.( mA ) 


mM | | | 
es 







aS 
BUNe 
PALS 
Lar 


a ak 
‘re 


\ 


Ne 
SNe 


Wit} 
B\\\ Ge ee 


Be 
pa 
eee 
a ee 
: a 





06 08 $410 12 14 16 1,8 2.0 
Vec~Vou (Vv) 
Ion min vs (Vcc-VoH) Characteristics 


(Standard Pin) 


~lon min, (mA ) 





Vee “Von ( Vv) 
-Ioq min vs (Vec-Vor) Characteristics 
(RO-R2 Pins) 


6. ASSEMBLY LANGUAGE 


6.1 Symbols and Abbreviations 





a—>b Tranfer from "a" to "b" 

a<>b Exchange between "a" and "b" 

X Logical negation (NOT) 

Paks | "High" level 

a "Low level 

LSB Least Significant Bit 

MSB Most Significant Bit 

NZ Not Zero 

on Reece tts Status is set with NZ, NB, or OVF 
OVF Overflow 

N AND 

U OR 

® Exclusive OR 

# Not Equal 

= Less or Equal 

DIRECT Addressing by the Operand in the ROM. Code 
REGISTER Addressing by the Content of Address Register 


6.2 Instruction Formats 
There are eight different formats for the instructions. (See "3.4 


Instruction Table". ) 


ss 
I — a 




















0 —- 3, $0 - $3FF 
$0 - $F, $0 — $3FF 
$0 — $F, $0 - $3FF 






1 

2 II n O..= 3 

3 $0 - $F 

4 $0 - $3F 
5 $0 - $FF 
6 $0 — $3FF 
7 

8 

9 
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The symbols used in the operand have ‘the following meanings: 


RAM digit selection with 2 bits 





m RAM (MR) digit and port selection 5 P e 
with 4 bits ; 
Pp Replacement of contents of PC 
O O O Oo 
with 4 bits 
a Replacement of contents of PC 
; O x Oo Oo 
with 6 bits 
b Replacement of contents of PC 
: ; O x O O 
with 8 bits 
d Replacement of PC or RAM direct ‘ : ‘ ‘ 
address with 10 bits 
i Immediate data with 4 bits (Note) Oo Oo 6) Oo 
u u=p +d (14 bits) O x Oo O 
Oo .... Can be used x .... Cannot be used 


(Note) 2-bit data for LWI instruction 


(1) Format I 


Format I applies to the instructions having no operand. 


10 a | 1 


| 


In a format-I instruction, the operation field is directly followed by the 
comment field. 


(Example) 


Operation Operand Comment 





(2) Format II 


Format II applies to instructions having a 2-bit operand field. 


1 


The statement using this type of instruction requires an operand (a binary, 
decimal or hexadecimal Gunberaee symbol name). The value must be 0 to3 in terms 


of decimal aunbed: 


JAZ HITAGHL 


(Example) 


Operation Operand 





(3) Format III 


Format III applies to instructions having a 4-bit operand field. 


10 i 


This type of instruction requires an operand (a binary, decimal or hexadecimal 


number, or symbol name). The value must be 0to15 in terms of decimal number. 


Note that the value must be $0 to $F in terms of hexadecimal number for 
the LAR, LBR, LRA and LRB instructions. 
(Example) 


Operation Operand Comment 





(4) Format IV 


Format IV applies to instructions having a 6-bit operand field. 


10 
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This type of instruction requires an operand (a binary or hexadecimal number, 
or symbol name). The value must be $0 to $3F in terms of hexadecimal number. 


This format is appiaed only to CAL instruction. — 


(Example) 


Operation Operand Comment — 





(5) Format V 


Format V applies to instructions having an 8-bit operand field. 


10 | 1 


This type of instruction requires an operand (a binary or hexadecimal number, © 
symbol name, or *tn (n: a decimal number) (relative address). 


This format is applied to BR instruction. 


(Example) 


Operation Operand Comment 


LABEL1 SYMBOL 
43 RELATIVE 
| $FF ABSOLUTE 
LABEL 1 %0000001 





(6) Format VI 


Format VI applies to 2-word instructions having a 10-bit operand field. 


10 1 


lst word .- 


2nd word 


This type of instruction requires an operand (a binary or hexadecimal number , 


or symbol name). The value must be $0 to $3FF in terms of hexadecimal number . 
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(Example) 


Operation Operand Comment 


$3FF 


RAMAD LABEL 
$3FF ABSOLUTE 


41111111111 





(7) Format VII 


Format VII applies to 2-word instructions having a 12-bit operand field. 
10 1 


This type of instruction requires one operand or two operands. 





For a l-operand 
instruction, only a symbol name is effective. ‘For a 2-operand instruction, the 
first operand may be a binary, decimal or hexadecimal number, or symbol name 

(the value of which must be 0to3 in terms of decimal number) and the second 
operand may be a binary or hexadecimal number, or symbol name (the value of which 
must be $0 to $3FF in terms of hexadecimal number). 


(Example) 


Operation Operand Comment 


3, $3FF 
AAA 1LOPERAND 
3, $3¥FF 20PERAND 


Z10, $3FF 





(8) Format VIII 


Format VIII applies to 2-word instructions having a 14-bit operand field. 


10 1 
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This type of inareuceion requires one operand or two operands. BRL, JMPL 
and CALL are one-operand instructions, while INEMD, ILEMD and LMID are two- 
operand instructions. For a l-operand instruction, a binary or hexadecimal 
number, or symbol name is effective and its value must be in the range $0 to 
S3FF. For a 2-operand instruction, the first operand may be a binary, decimal 
or hexadecimal number, or symbol name (the value of which must be $0 to $F) and 
the second operand may be a binary or hexadecimal. number, or symbol name (the 


value of which must be S$0O to S$3FF). 








(Example) 
LNGBR1 EQU $1FFF 
BRL -LNGBRI P: ABSOLUTE 
CALL $1FFF P : ABSOLUTE 
BBB EQU $3FF | 
LMID $F, BBB 1: ABSOLUTE, SYMBOL 






1, $3FF 1:ABSOLUTE, ABSOLUTE 
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6.3 Execution Instructions 


[re] wvewowte [Ro 
AI i 51 


d. 
1 








MNEMONI 


C 
LMID sd 


















ALEI 
ALEM 





OOANANONH WN FE 














LAS PY 


















LAY XMA (XY) 

LBA XMAD d 

LBI i XMB (XY) 

LBM (XY) XMRA m 
_ LBR m XSPX 

LMA (XY ) XSPXY 

LMAD d XSPY 

LMADY (X) 


LMATY (X) 


In the description of Instruction code, "i", "m'' and "p'' means one digit 


tet eet 


in hexadecimal number ($0 to SF), and 'd'' means three-digit hexadecimal 
number ($000 to S$FFF). The Instruction codes including “3 "a" or "b'' are 


'described as binary number. ~ 
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[No Arivhwetic Tseraction 
Al | 
Format 


AI (Add Immediate to A) 
















Adds the contents of Accumulator to 4 bit Immediate data (i3-0) 


and stores the result in Accumulator. 


Judges OVF simultaneously. 


Address format and the number of execution cycles © 
| Ope - | Number, of 
Address format Mnemonic! Operane —- : Number execution 
| of words cycles 
| -_ 
Pl 


















| format First ; second 





* 
190 038 0620 ~~ SsUBCl 
28F 0622 
194 036 0623 
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(No. | _Gompare Tavereceion 
ALEI 


ALEI (A Less or Equal to Immediate) 
[Forme | | seseus_| 



















Peseription 
Compares the contents of Accumulator to 4-bit Immediate data 


(1 3.0) 3 


ei Address format and the number of execution cycles 
_ | . rand Instruction word Number ,of 
Address format Mnemonic! ORE - Number execution 
: | format First “Second of words cycles 


1 
| 
ae 


Example 
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AEN 


[Forme | 













Compares RAM addressed by W, X, and Y registers to the contents 







of Accumulator. 









— | ; erand Instruction word _ Number ,of. 
Address format Mnemonic! oP - Number execution 
| format First Second of words cycles 


{ 


















| Peano 


01216 014 
01217 1CE | OSERROR 
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~ ALEMD 


ALEMD(A Less or Equal to Memory) 


Format 








ALEMD d 






Operation 








Compares RAM addressed by 10-bit direct address doo to the 


contents of Accumulator. 


Address format and the number of execution cycles 


Address format | Mnemonic! OPet2™4 Number | Number of 









- execution 
| format First ; second of words cycles 


| | 
1. 


j_xample 


01218 114 074 O3D9 $074 
01219 1CF O3DB | OSERROR 
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Arithmetic Instruction 


EG 


AM (Add A to Memory) 













Description 


Adds RAM addressed by W, X, Y registers to the contents of 
Accumulator and stores the result in Accumulator. 

Judges OVF. 

(Note) When executing subtraction, execute AM after taking 


complement of Accumulator with NEGA. (M-A—»4) 

















| Nunber 9 
Address format Mnemonic | Operane . puerto wore N execution 
format First ; Second of words cycles 
a | | 
pede $008 | 
| 





* 


O2FE KIARTHM6 LAMXY 
O2FF AM 
0300 LMAXY 
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Arithmetic Instruction 


AMD (Add A to Memory) 


Format 





AMD d 








e 


Operation 





M(d) +A—-A 


Description 


Adds RAM addressed by 10-bit direct address dg-9 to the contents 
of Accumulator and stores the result in Accumulator. 


Judges OVF. 


(note) Subtraction (M-A—A) is the same as AM. 


Address format and the number of execution cycles 













. erand Instruction word Number ,of 
Address format Mnemonic | een - Number execution 
format First ; Second of words cycles 


| 1 
| 


Example 






* 


190 O06C KIARTHM4 
001 

108 04C 

O51 
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Arithmetic: Instruction 


[Forme | 


AMC (Add A to Memory with Carry) 











| M+A + CA>A 
OVF > CA 


- |Description 


Adds RAM addressed by W, X, Y registers, the contents of Accumulator, 


and those of Carry Flag, and stores the result in Accumulator. 
Latches OVF into CA and judges it. | 






(Example) 


(Initial contents) 
after executing AMC 





00 CO COl'=e 










i Number ,of 
Address format | Mnemonic! operand eer word Number | Bxecution 
| format First , Second of words cycles 
| 1 
cniae sole | 
| 
) Example 









$5 ;A=5 
;CA=1 
;A=M(WXY) +A+CA 
OSERROR 
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No. 
Ps [_ANcD 


~ AMCD (Add A to Memory with Carry) 
[ seatus | 


Format 





AMCD d 









M(d) + A + CA >A 
OVF—->CA 


Adds RAM addressed by 10-bit direct address dg-9, the contents 
of Accumulator, and those of CA, and stores the result in 
Accumulator. 


Latches OVF into CA and judges it simultaneously. 


Address format and the number of execution cycles 


. , Operand Instruction word Number ,of 
Address format | Mnemonic! ~P©'? - Number execution 
| format First Second of words cycles 


l 
! 
| 
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ANEM 


ANEM (A Not Equal to Memory) 


Format 









ANEM 









Description 





Compares RAM addressed by W, X, Y registers to the contents of 


Accumulator. 






Address format and the number of execution cycles 
i Number ,of 
Address format Mnemonic ! Operanc Number execution 
| format of words | “cycles 
| { 
| 






01195 * | 
01196 004 03C6 ANEM ;IF M(WXY) /=ACC 
01197 1CE 03C7 CAL OSERROR 
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No. 
ANEMD 


ANEMD (A Not Equal to Memory) 
[Former | [ seatus | 


ANEMD d 











Compares RAM addressed by 10-bit direct dg-9 to Accumulator. 


Address format and the number of execution cycles 
_.1 Operand Number | Number of 
Address format | Mnemonic! : execution 
| format First ; Second of words cycles 
| | 
[Example 












190 036 
104 038 


171 235 
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| No. | Arithmetic Instruction 
pit {ANN 


ANM (AND Memory with A) 
[Forma | [seacus | 

















ANDs the contents of Accumulator and RAM addressed by W, X, Y 


registers, and stores the result in Accumulator. 


Address format and the number of execution cycles | 


. , Operand Instruction word Number ,of 
Address format | Mnemonic! <P Number execution 
| format First Second of words cycles 


1 
| 
| 
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ANMD 


ANMD (AND Memory with A) 


j status 


Format 












Operation 






A(YM(d) > A 


Description 


ANDs the contents of Accumulator and RAM addressed by 10-bit 


direct address, and stores the result in Accumulator. 





Address format and the number of execution cycles 


: Operand Instruction word Number ,of 
Address format Mnemonic | P ~ Number execution 
format First , Second of words cycles 


| | 
} Example 






OAF 
19C O02C $02C 
326 KIINPUT1 
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RAM Address Instruction 


AYY 


—) 
Uo 


AYY (Add A to Y) 


Format 










AYY 





Operation 


Adds the contents of Y register to those of Accumulator and stores 
the result in Y register. 


Judges OVF. 


Address format and the number of execution cycles | 


a Number of 
meadeneer format Mnemonic! Hien nstruction word Number 









execution 


of words | “cycles 
| 
pre | 





OSERROR 
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[No-[ compere Tserueeion 
BLEM 


BLEM (B Less or Equal to Memory) 


Format 


BLEM 











Compares RAM addressed by W, X, Y registers to the contents of 


B register. 


Address format and the number of execution cycles 


; Number ,of 
Address format Mnemonic! Operand SUSLEUGELON wore Number execution 
| format First _ Second of words cycles 


| 
j 
t 
} Example 






OSERROR 
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5 BNEM 


Zz 
EB 


BNEM (B Not Equal to Memory) 


BNEM 





| operacion | 






Compares RAM addressed by W, X, Y registers to the contents of 


B register. 





Address format and the number of execution cycles 


i Number ,of 
Address format | Mnemonic! operand per uc ten wore Number execution 
| format First , Second of words cycles 


| ! 
| 


01201 044 
01202 1CE OSERROR ;IF M(WXY) /=B 
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| No. | ROM Address Instruction 
ret 


BR (Branch on Status 1) 


1 


Format 





BR b 





Set to 1 irrespectively of whether 


BR is executed or skipped. (ST=1) 





[operation | 


Conditional jump to an address 





in the current page (256 words). 


Description 


Branches to the specified address if ST=1l. 

If ST=0, this instruction is skipped (takes one cycle time). 

(Note) When BR is used at the last address in the page, this 
instruction is executed in the next page because PC is 


incremented automatically. 


Address format and the number of execution cycles 


operand Number | Nomber of 


execution 


| format of words | “ “cycles 
; | %11-b7bebsby, 
1 1 


Example 














Address format Mnemonic 








$E 


$3 

KITIMEO ;IF A=0,1,2,3 
$7 

KITIME1] ;IF A=4,5,6,7 
$B 

KITIME2 ;IF A=8,9,$A,$B 


KITIME3 ;IF A=$C,$D,$E, $F 
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: ie ||: eee 
BRL (Long Branch on Status 1) 
[Foret | [ seatus | 


1 














Set to 1 irrespectively of whether 





BRL is executed or skipped. (ST=1) 


Conditional jump to any ROM 


address space. 





If ST=1, jumps to the address specified by P30, dg-o- 
If ST=0, BRL is skipped. 


Takes 2-cycle time irrespective of execution and skip. 


Address format and the number of execution cycles | 


Address format | Mnemonic! OPerand Number Number , of 
: ' format 


- execution 
of words | “cycles 
' . 
| Beample 











I 
| 





01883 18C 002 0650 TMD $0, $002 IF ST-1 
01884 171 256 0652 BRL TBINTR THEN JUMP TO TBINTR 
01885 171 24F 0654 BRL TLOOP1 OTHERWISE JUMP TO TLOOPI1 
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[No | #04 Addeeas Toseruction | 


CAL (Subroutine Jump on Status 1) 


1 


Format 





CAL a Set to 1 irrespectively of whether 






CAL is executed or skipped. 
(ST=1) 








° 


Operation 





Conditional subroutine jump to the 
address specified by agg in 


subroutine space. 


Description 


If ST=1, performs subroutine jump to the specified address. 
If ST=0, this instruction is skipped. 

Takes l-cycle time to the skipped. 

Subroutine space means 0 to 64 pages. 


All bits of PC is saved on RAM. 


: Address format and the number of execution cycles 


. , Operand Instruction word Number ,of 
Address format | Mnemonic! ~P°*? - Number execution 
| format First i Second of words cycles 


| ZOl-llasayaq 


Example 























00510 18E 000 01A3 2, $000 ; IFO 


00511 1CE O1A5 OSERROR ;IF ST=1 
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CALL 


[Forme | 


CALL (Long Subroutine Jump on Status 1) 


1 


















Set to 1 irrespectively of whether 


CALL is executed or skipped. (ST=1) 





Conditional subroutine jump to 


any ROM address space. 


If ST=1, performs subroutine jump to the specified address (P3-9, do-@Q). 
If ST=0, this instruction is skipped. 


Takes 2-cycle time to be skipped. 


Address format and the number of execution cycles | 
i Number .of 
Address format | Mnemonic! Dpetand snetuuct yen word Number execution 
| format First i Second of words cycles 
) y 
si, | ‘ 
| 
jeample 








28F 
OE8 
160 28E 
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| No.| Arithmetic Instruction _ 
COMB 


COMB (Complement B) | 


No effect 


Format 






COMB 






Stores 1'S complement of the contents of B register in B register. 
(Example ) 
B B (result) 


Eee a Saas 


Address format and the number of execution cycles 













Tamer ot 
Address format | Mnemonic! Operanc poe teuct tos wots Number execution 
| format First i Second of words cycles 
| f 
Example 
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DAA (Decimal Adjust for Addition) 


No effect 


Format 

















Operation 


Decimal adjust for addition 





10 or CA=1, A+6-—>A and 1->CA. 
10 and CA=0, the contents of A and CA are unchanged. 








Number ,of 


: erand Instruction word 
Address format | Mnemonic! aise Number execution 


First ; Second of words cycles 


| 
i 





* 


02CC KIARTHM1 
O2CD 


O2CE 
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DAS (Decimal Adjust for Subtraction) 


No effect 


Format 





DAS 


| operation | 





Decimal adjust for 


subtraction 


Pescription 


10 or CA=0, A+l0—A and 0-CA. 
10 and CA=1, the contents of A and CA are unchanged. 









i Number .of 
Address format | Mnemonic! Operand pus ETUCELON word Number execution 
| format First Second of words cycles 


| 
| | 
\ 





* 


KI ARTHM2 LAMX 
SMC 


DAS 
LMAIYX 
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Arithmetic Instruction 


No 
Oo 


DB (Decrement B) 


Status 


Format 


[operation | 












Decrements the contents of B register. 


Judges NB. 







Address format and the number of execution cycles 


Number ,of 
Address format Mnemonic! Openane pus rect wore Number execution 
' format First Second of words cycles 


! 
{ 


01145 OCF 
01146 1CE OSERROR 
01147 
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No. RAM Address Instruction 


DY (Decrement Y) 


Format 








DY 





Decrements the contents of Y register. 


Judges NB. 





Address format and the number of execution cycles 


Number .of 


. Operand Instruction word 
Address format Mnemonic! ~? Number execution 
| format First Second of words cycles 


: | 
| 
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(Wo. | Aitieatic ineeraeion | 
co 


EORM (EOR Memory with A) 


Format 









EORM 


[operation | 


Performs the logical exclusive "OR" operation between the contents 


of Accumulator and those of RAM addressed by W, X, Y registers. 





Address format and the number of execution cycles | 


: . erand Instruction word Number ,of 
Address format Mnemonic! Op - Number execution 
| format First Second of words cycles 


l 
| 










* 


O2E2 KIARTHM3 LAMX 
0253 EORM 


O2E4 LMATYX 
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No. 
EORMD 


EORMD (EOR Memory with A) 


Format 





EORMD d 


operation | 






A® M(d) >A 


Performs the logical exclusive "OR" operation between the contents 


of Accumulator and those of RAM addressed by 10-bit direct address 


dg-Q. 





Address format and the number of execution cycles 
| Funber of 
Address format Mnemonic! Operand Be aida Number execution 
| format of words | “cycles 
| ! 
| Example 
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Arithmetic Instruction 


NO 
NS 


IB (Increment B) 


Format 





IB 





Operation 


Increments the contents of B register. 


Judges NZ. 





Address format and the number of execution cycles 


i Number of 
Address format Mnemonic! Operand Instruction word Number execution 


| format cycles 
| Beample 


OSERROR 
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[Wo [Compare tasereceion | 
ILEM 


ILEM (Immediate Less or Equal to Memory) 
[Forme | [ seacus | 














Compares the contents of RAM addressed by W, X, Y registers to 


4-bit immediate data i3-9¢. 


Address format and the number of execution cycles 
: Number ,of 
Rr eae Pomrn ee Number Number of 
| format First | First  , Second _ of words eyeres 
[Example 









$4 
OSERROR 
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[No.[ Compare tnseroction 
ILEMD 


ILEMD (Immediate Less or Equal to Memory) 
| seatus_| 








ILEMD i, d 












Description 






Compares the contents of RAM addressed by 10-bit direct address 


dg-0 to 4-bit immediate data izn0.- 







Address format and the number of execution cycles | 
| i Number ,of 
Maavéds format: || ineuanie OE Number | Syeeation 
' format First ; second of words cycles 
| ! 
ae joe ae | eS 












$3 , $030 
INITD ;IF M(030)23 
$2 ,$030 
PROGCX ;IF M(030) =2 


$1,$030 
PROGB ;IF M(030)=1 
$0, $030 
PROGA ;IF M(030) =0 


MAIN 
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| No. | Compare Instruction | 
INEM 


INEM (Immediate Not Equal to Memory) 
[ seatee | 

















Pescription 


Compares the contents of RAM addressed by W, X, Y registers to 


4-bit immediate data. 


Address format and the number of execution cycles 


i Number ,of 
Address format Mnemonic! Operand ane truetien word Number execution 
|! format First i Second of words cycles 


| t 
1 














* 


023E KIZMN 
O23F 


0240 
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Compare Instruction 






INEMD i,d 










Compares the contents of RAM addressed by 10-bit direct address 






dg-0 to 4-bit immediate data i3-0. 


Address format and the number of execution cycles 


erand Instruction word Number ,of 
Address format Mnemonic! Op Number execution 
| format First Second of words cycles 





| Example 


01893 124 030 0656 TBINTR INEMD 4,$030 
01894 171 25C 0658 BRL INEXT1 
01895 171 104 O65A BRL MBACKO 
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[No | Ha Address Taseraction | 


IY (Increment Y) 


Format 





IY 





Operation 


Description 


Increments the contents of Y register. 


Judges NZ. 





Address format and the number of execution cycles 
Number ,of 


ence tuerign word Number EXEC ULLOn 
First ; Second of words cycles 













Address format Mnemonic 


Example 
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ROM Address Instruction 
JMPL 


JMPL (Long Jump Unconditionally) 


No effect 


lo 
ee) 


Format 





JMPL u 








Operation 


Unconditional jump to any ROM 


address space. 


Description 


All bits of PC are replaced with 14-bit direct address P3_9, dg-o- 


OP-code is as follows according to ROM capacity. 


Pron ae Posrexo | | 


Address format and the number of execution cycles 
















execution 


of words | “eycles 


| | 
| 






0, $030 

$3, $032 
$0, $035 
$D , $036 


$3, $037 
$E, $038 
$F , $039 
$8,$03A 
PROG 
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Ee eee 
Instruction 
LAB 


LAB (Load A from B) 


No effect 


Format 






LAB 


| operation | 








Transfers the contents of B register to Accumulator. 






The contents of B register are unchanged. 





Address format and the number of execution cycles 


; Number ,of 
, Operand Instruction word Number execution 
of words 


Address format Mnemonic - 


cycles 


048 
194 035 
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35 LAI 


LAI (Load A from Immediate) 


No effect 













Description 


Transfers 4-bit immediate data i3-09 to Accumulator. 





Address format and the number of execution cycles 
; Number ,of 
ene aera ener oo. Number Number .of 
| format of words | “ “cycles 
l . | 
j Example 
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[No [ Rat Register taseroction 


LAM (Load A from Memory) 
[Forme | [_seatue | 


No effect 











M—A,(X@SPX, Y<>SPY) 





Transfers the contents of RAM addressed by W, X, Y registers to 
Accumulator. 


The contents of RAM is unchanged. 
(When executing M A, exchanges x register for SPX register, and Y 
register for SPY register according to the contents of x, y in OP-code.) 


MNEMONIC FUNCTION 


LAMXY XOSPX, YOSPY 


: Address format and the number of execution cycles 


i Number of 
Address format | Mnemonic! Operand eve eeu cede noe Number execution 
| format First , Second of words cycles 


, Z01-1001 | 
REGISTER LAM(XY) ! -O0yx | 1 1 





00941 091 O2F6 KIARTHM5 LAMX 
00942 198 04D O2F7 SMCD 
00943 094 O2F9 : LMA 
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: 
7 LAMD | 


Z 
elF 


LAMD (Load A from Memory) 


No effect 


Format 











LAMD d 


| operation | 






Description 


Transfers the contents of RAM addressed by 10-bit direct address 
to Accumulator. 


The contents of RAM is unchanged. 


Address format and the number of execution cycles 


; rand Instruction word Number ,of 
Addvecs. Pornat | Macmoarel Number execution 
| format First ; Second of words cycles 


| I 
| 


01716 190 032 0592 PNEXT1 
OL71L7 281 0594 
01718 194 032 0595 
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PNOe | aed 
Instruction 
LAMR 


LAMR (Load A from MR) 


No effect 


Format 





LAMR m 








Operation 


MR(m) > A 


Transfers the contents of Memory Register (MR) addressed by 4-bit 
direct address 3.9 to Accumulator. 


(MR, second file of RAM, can be selected (l6-digits) by ™3.0.) 


| Address format and the number of execution cycles 
Number of 
haaveestoreae:. | Macmoentel puetruees en aoe Number execution 
| format of words | “cycles 
| ! 
{ 
| Example 
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“Input /Output Instruction 





LAR (Load A from R-Port Register) 


| 


No effect 


Format 








a at 





Operation 


Description 


Transfers the contents of R-Port addressed by 4-bit direct address 
to Accumulator. 


The contents of Port Register are unchanged. 





Address format and the number of execution cycles ; 


. , Operand Instruction word Number ,of 
Address format | Mnemonic| ae. Number 











execution 


of words | “cycles 


| | | | 


00980 id 
00981 253 0314 KIINPUTO LAR 


00982 180 02D 0315 XMAD 
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Register-to-Register 
| instruction ne 
| 40] LASPX 


~LASPX (Load A from SPX) 


No effect 


Format 









LAS PX 





Operation 





Transfers the contents of SPX register to Accumulator. 


The contents of SPX register are unchanged. 





Address format and the number of execution cycles | 
| ..| Operand Number | Number of 
| Oper execution 
Address format Mnemonic, foraat First | Cao ae beds yelled. 
| ! 
| ; 
| Example 















00835 068 029F | LASPX ;A=6 
00836 281 02A0 AI $1 sA=A+1 A=7 
00837 OE8 02Aa1 LXA ;X=A  X=7 
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. Register-to-Register 





LASPY (Load A from SPY) | 
[Format] [seater | 


No effect 

















Transfers the contents of SPY register to Accumulator. 


The contents of SPY register are unchanged. 














Number .of | 


. Vmomonie’ Operand | Instruction word Number ret 
; | format First , Second of words cycles 
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UNO: | iain 
Instruction 
LAY 


LAY (Load A from Y) 


No effect 


Format 





LAY 


| operation | 





Description 


Transfers the contents of Y register to Accumulator. 


The contents of Y register is unchanged. 





Address format and the number of execution cycles 7 


Number ,of 
Address format Mnemonic! Operand sustruction word Number execution 
: | format First Second of words cycles 


| 
| I 
ee 
( 











OAF O1E5 ;A=Y 
281 O01E6 ;A=At+1 


108 O2F O1E7 ; A=A+M (02F) 
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= "a Register-to-Register 


No effect 





Transfers the contents of Accumulator to B register. 


The contents of Accumulator is unchanged. 


Address format and the number of execution cycles | 
: | . i Number ,of 
Address format Mnemonic! Operand Number, execution 
' format | First 1 Second of words cycles 
3 > 
| 
[_xample 
















00839 = . 
- 00840 234 02A3 KINAMEO LA] 
00841 0c8 O2a4 | LBA 
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[No | iamediate Testniction 


LBI (Load B from Immediate) 
[Format | | seaevs_| 


No effect 
~LBI 1 









Description 


Transfers 4-bit immediate data 13-0 to B register. 





: Address format and the number of execution cycles 
) Number 98 
Address format | Mnemonic! eperand puseeuetzen tahoe Number execution 
| format First Second of words cycles 
| 
| Beample 






OAF 
206 
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No effect 






M—B, (X«<> SPX, Y<> SPY) 


Transfers the contents of RAM addressed by W, X, Y registers to B 
register. | | 


The contents of RAM is unchanged. 

During executing the above, executes the followings according to the 
value of x, y in OP-code. 

FUNCTION 3 

| LBM | O01 0 

| uBMx | Oj 1 | X +> SPX 

| rea 

} X<==SPX, Y<+~+SPY 





— 
—_ 


Address format and the number of execution cycles 


— d| Instruction word | Number . of 
Address format Mnemonic! lane ae ruction word Number 










execution 


of words | ““eyeles 


; ] 
RECISTER LBM(XY) | Z00-0100 1 1 
-O0yx ! | 





;SAVE B TO M(WXY) 
;B=0 
; B=M (WXY ) 


;Y=Y-1 
;I1F Y>=0 THEN BR 
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[No [iapae/ovrpor Tnoererton | 


LBR (Load B from R-Port Register) 


No effect 


Format 
















LBR m 


operation | 









R(m) > B 


Transfers the contents of R-Port addressed by 4-bit direct address 


to B register. 


The contents of Port Register is unchanged. 


; Address format and the number of execution cycles 










Number ,of 


Mnemonic! Operand . Instruction word Number Meena apa 
format First Second of words cycles 


| 
) | 






Address format 






;B=—R(3) 
;M(WXY)}<+— B 
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No effect 


A—M (X«>SPX , Y<>SPY) 


Transfers the contents of Accumulator to RAM addressed by W, X, Y 


registers. 





The contents of Accumulator is unchanged. 


FUNCTION 
ae... ee ewees » 
| LMAY | PY SPY 


tar X= SPK, YS? 






















: : . | , ° Number.of 
Address format | Mnemonic! Openand puStEveti0n more Number execution 
| format of words | “Mewetas” | 
| es | 
REGISTER LMA (XY) | 200-1001, 1 ie 
—  Olyx | Zs 
7 








;M(030)<+— $5 


;M(040) «— $A 
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[No [Rat Register taerction 
LMAD 


LMAD (Load Memory from A) 


No effect 


Format 





LMAD d 





Operation 





Transfers the contents of Accumulator to RAM addressed to 10-bit 
direct address. 


The contents of Accumulator is unchanged. 





Address format and the number of cycles 


a ; Number ,of 
Address format Mnemonic! Operand Instruction word Number execution 
of words 
2 


| format cycles 
! 


01901 230 0663 
01902 118 034 0664 
01903 194 034 0666 
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[No [Pak Regiscer iercion 
—LMaby___| 


LMADY (Load Memory from A, Decrement Y) 








Y - 1>Y (Xe>SPX), AM 





Transfers the contents of Accumulator to RAM addressed by W, X, 
and Y registers. | 
The contents of Accumulator is unchanged. 

Decrements the contents of Y register and judges NB. 

(During executing the above, executes the following operation 
according to the value of x in OP-code. 3 7 


| MNEMONIC | x 
| LMADY | 0 

























; Operand Instruction word Number ,of 
Address format | Mnemonic] rps Number =| execution | 


First , Second of words cycles 
l Bane | 
REGISTER LMADY (X) | ae 1 1 
| Bo -000x - 
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[No [Ri Register inaeroscion | 
LMATY 


LMAIY (Load Memory from A, Increment Y) 
[ searus | 









LMAIY (X) 





Y + 1—>Y (X@SPX), A-M 


Description 










Transfers the contents of Accumulator to RAM addressed by W, X, 
and Y registers. 

The contents of Accumulator is unchanged. 

Increments the contents of Y and judges NZ. 

(During executing the above, executes the following operation according 
according to the value of x in OP-code. 


MNEMONIC FUNCTION 


X «> SPX 





Address format and the number of execution cycles 










7 i Number ,of 
Address format Mnemonic! Operand enSEnUCE. On mere Number execution 
. | format First ; Second of words cycles 


| - I 
REGISTER LMALY (X)1 200-0101 | | 1 = oe 
| -O00x ! 


051 
O91 
118 044 






OA6 
O51 
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[No | tmediace instraction | 
iMod 





No effect 












LMID i,d 





Transfers 4-bit immediate data i3_9 to RAM addressed by 10-bit 





direct address dg-o: 














a | ) eee 3 ; - | Number of” 
Address format | Mnemonic! Operand pos trucrion word Number execution 
| format First i Second of words cycles 
, | | y 
| : : : 
Example 












1A8 004 | : | $8,$004 

1AF 009 $F , $009 ;TMB EXT INPUT 
1AE OOA $E,$O0OA —::« jy TCBL=E 

1AF OOB : $F,$00B  .;TLRU=F 
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| No.| Immediate Instruction _| 
LMILY 


LMIIY (Load Memory from Immediate, Increment Y) 













LMIIY i 





Transfers 4-bit immediate data 13-0 to RAM addressed by W, X, and 
Y registers. 


Increments the contents of Y register and judges NZ. 


Address format and the number of execution cycles | 


Number of 
Address format Mnemonic! ideals nstruction word Number 









execution 


of words | ““cycles 


! 
, { 
i 

1 


Example 


* 


KIARTHM8 LMIIY $0 
YNEI $A 


BRS KIARTHM8 
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[Forme | 


No effect 









Transfers the contents of Accumulator to R-Port register addressed 
by 4-bit direct address m3-9¢. 


The contents of Accumulator is unchanged. 


Address format and the number of execution cycles 
i i | Number of 
neacded Foca, \aneaoniel rere Number peneer ee 
| | format First , Second of words cycles 
| i 
y r 


[Beane 



















* 


000 KIOUTC4 

160 255 KI ZMC 
2D1 > $1 
2c2 $2 


338 KIOUTC9 
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[Wo [Hare ouepoe inversion 


LRB (Load R-Port Register from B) 


No effect 


Format 












LRB m. 





Operation 





Description 


Transfers the contents of B register to R-Port register addressed 
by 4-bit direct address m3_0¢. 


The contents of B register is unchanged. 


Address format and the number of execution cycles 


Number ,of 
Address format Mnemonic! Opcrand enSeructien wore Number execution 
| format First Second of words cycles 
DIRECT (4 bits) 


| 
i 












* 


000 KIOUTCO 
160 255 


2D2 
2C4 
338 
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[nant Address Toatraccion | 
roof tar | 


No effect 





Description 


Transfers 2-bit immediate data i}-¢9 to W register. 


Specifies RAM file No. with X register. 





| Address format and the number of execution cycles | 


Address format | Mnemonic! OPerand Number of 


7 te | Number execution 
| format First , Second of words cycles 
| Beane 

















, | 
I 
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[No | Rat Atiress Tostroction 
XA 


LXA (Load X from A) 
[Forme] | seatvs | 


No effect 





LXA 





Description 


Transfers the contents of Accumulator to X register. 


The contents of Accumulator is unchanged. 





Address format and the number of execution cycles 
Number ,of 


; Operand Instruction word r 
Address format Mnemonic | eee Numbe execution 


of words | “ “cycles 















! 
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[No | ai adaeees teeertion” 
aT 


[Forme | 


_ LXI (Load X from Immediate) © 


No effect 













Transfers 4-bit immediate data i3-9 to X register. 


Specifies RAM file No. 





Address format and the number of execution cycles 7 


"operand Number | Number of 





execution 


d format M i ° : | 
ait iaalined benessaes of words | “cycles 


t 
j 
a Ee ee ee 
! 









;M(WXY) =A Y=Y-1 
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[No | naw haivees instruction 


LYA (Load Y from A) | 


No effect 


Format 









LYA 











Transfers the contents of Accumulator to Y register. 


The contents of Accumulator is unchanged. 


. Address format and the number of execution cycles 7 


| Number of 


Address format Mnemonic! Operand instruction word Number execution 


| format of words | “cycles 








t 
| ! 
| 


190 032 0645 TIMER 
OD8 0647 | 
OE4 0648 
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; LYI (Load Y from Immediate) 


No effect 


Ww 
Oo 


Format 






LYI i 





Operation 


Description 


Transfers 4-bit immediate data i3-0 to Y register. 


Specifies RAM digit No. and address of discrete I/O. 





Address format and the number of execution cycles 
Number ,of 


} ; erand Instruction word 
KGdveas foruat |Mienonte!—© : Number execution 
| | format First Second of words cycles— 


t 5 
{ 
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Now| Aritnastic instriction | 
[60 | NEGA 


oo NEGA (Negate A) 
[ rormee | [_seetee | 


NEGA No effect 






Description 


Takes 2's complement of the contents of Accumulator and stores 


the result in Accumulator. 


Address format and the number of execution cycles 














TY] Susber, of 
Address format Mnemonic | Operand suseruetion word Number execution 
format First ; Second of words cycles 
| | 
i 
Example 
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Control Instruction 





No effect 










Updates the program counter only 





and has no effect on the other 


registers. 








Address format and the number of execution cycles 


Number ,of 


Address format | Mnemonic! Oper and pot uction aGEe Number execution . 
~! format First Second of words cycles _ 


I ; ; 
| 


| Bxample 






KIDLYON 
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| No. | Arithmetic Instruction 
Oe OR eat 


OR (OR A and B) 


No effect 


Format 














Performs logical OR between the contents of Accumulator and those 


of B register, and stores the result in Accumulator. 





| Address format and the number of execution cycles 











pee Number | Sumber of 


Address format Mnemonic execution 


| format of words | ““eyeles 


t 
l 
ee ©. ae 6 





;B=1010 
;A=0101 
;A=AUB A=1111 
; B=F 
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| No. Arithmetic Instruction. 


[Forme | 


ORM (OR Memory with A) 

















Performs logical OR between the contents of Accumulator and those 






of RAM addressed by W, X, and Y registers, and stores the result 





in Accumulator. 


Address format and the number of execution cycles 
rormat’ |vnenonie? OPerand | instruction word | Nunber | Suaber,oF 
ee eC lareene of words | “cycles 
! 
[Example 


01253 21F $F 
01254 00c | 
01255. 1CE OSERROR 
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| No. | Arithmetic Instructi 
64] ORMD 


ORMD (OR Memory with A) 


Format 








ORMD d 





Operation 





Performs logical OR between the contents of Accumulator and those 


of 10-bit direct address dg-9» and stores the result in Accumulator. 





| Address format and the number of execution cycles 
i Number ,of 
Anleceestemume. | Macuopie! 2 Number = | Sxecation 
| | format First 1 Second of words cycles 


| 











10C O7F $07F 
1CE OSERROR 
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‘Input/Output. Instruction 
Re ae eee 


P (Pattern Generation) © 


j_seacus 


No effect 








[operation 


[01 [ROM pattern [to A,B registers 
[10 | "ROM pattern | to Rj,R2 registers | 
[11 | ROM pattern | to A,B and Rj,Ry | 
[00 [ROW pattern | 


Description 


















Loads ROM bit pattern addressed by PC of which the contents are 
replaced with Accumulator, B register, and 4~bit register into 
Port register Rj, Ro, or Accumulator, B register. a 
| PC} | PCO 
0 0 P3 Po Py Po Bz, Bo By Bo Az Ap Ay Ag 






Replaced PC 











Rg Rg R7 Ro R5 R4 RZ R2, Ri RO | ROM pattern 


* 1B B B Bn Ae OAK UA Loaded into Accumulator, B 
21,0 7a) Gina register ° 
1 | * R33, R32, R31, R30, R23, R22, R21, R20] Loaded into R1,R2 registers 


Address format and the number of execution cycles 


Number ,of 


Mnemonic! CPerand Instruction word Number — execution 
| format First Second of words cycles 


! 



















_ Address format 





REGISTER + 
DIRECT(4 bits) 


| Eeample 


01782 
01783 
01784 
01785 


| No.| Arithmetic Instruction | 
| 66 | REC 


REC (Reset Carry) 


No effect 


Format 






REC 







Operation 





Description 


Resets Carry. 


| Address format and the number of execution cycles 


ae ; Operand Instruction word r | Number ,of 
Address format | Mnemonic} een Numbe execution 


of words | *eyeles 
| J 
1 


[Example 














000 
231 
OEC 
118 033 


194 033 
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| 


Input/Output Instruction 
Es 


RED 








No effect 












Description 


Resets discrete I/O latch addressed by Y register. 





Address format and the number of execution cycles : 


| ; rand Instruction word Number ,of 
Address format Mnemonic | rains Number execution 


of words | ““eyeles 
| 
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| No. | Input/Output Instruction 


REDD (Reset Discrete I/O Latch Direct) 


No effect 


Format 








Operation 





Resets discrete 1/0 latch addressed by 4-bit direct address m3_0. 





oe Address format and the number of execution cycles 


operand Number | Number of 
















Address format Mnemonic - execution 
oe | format First Second of words 


| cycles 
= 


01240 1CE OSERROR 
01241 262 $2 
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RAM Bit Manipulation . . 
NO) Seer 






No effect 





Resets the bit specified by nyj_, of RAM addressed by W, X, and 


Y registers. 





: Address format and the number of execution cycles _ 


- Instruction word Number ,of 


execution 


Number 
of words | “"eycles 


i 
%Z00-1000 , ‘ 1 
-10 n, no! 

















Address format | Mnemonic 


| | 
! 
| xampte | | 





RAM Bit Manipulation 
REMD 


REMD (Reset Memory Bit) 
[Former | | seacus | 


No effect 













[operation 





escrintson 
Resets the bit specified by n1]-9 of RAM addressed by 10-bit 
direct address dg_¢. | 






| 4 Number .of 
Address format Mnemonic | Operand eeetructiog Were Number execution 
{ format First ; Second of words cycles 
| ! Z01-1000 | 
Recess “10 ni no} ¢ : ; 
| Bxanple 


Address format and the number of execution cycles 





185 001 _ | |  ;SET IML 
188 002 ;RESET IFTB 
189 002 ;RESET IMTB 


184 000 |  ;SET I/E 
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No effect 





Rotates the contents of Accumulator 









with Carry (CA) to the left by 1 bit. 


(Result) 


A> A, Ag CA 





d Instruction word 


Address format hoemoni oC. Operan 
2 ee | format First i Second 
ROTL | goal 
4 . 


















“Number > 
of words 








Number ,of 
execution 
cycles 


Description 


[No | srictantie teeerection 
ROTR 


ROTR (Rotate Right A with Carry) | 
[ _seatus | 


No effect 


Format 












ROTR 







Operation 






Rotates the contents of Accumulator 


with Carry (CA) to the right by l 





bit. 





(Result) 


CA Az Ay ‘A, | 





| ree | Number of 
Address format Mnemonic - Number execution 
= of words cycles 









: aL 1 
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--ROM Address. Instruction 





| 


No eftect 




















Retures from subroutine. 


Returnes the contents of PC saved in RAM (stack area) when occuring 


subroutine instruction or interrupt to PC._ 













= — erand | Instruction word aber Number of © 
Address format | Mnemeniel oF ; — Numbe _execution | 
- ee) a | format - First Second of words cycles 


) rr 
es Te a he ee 

















| 


* 
KIDLYKEY 


[No | ton Aiacevs Teatrieeion | 
RTNI 


RTNI (Return from Interrupt) 


Restores the contents of Status 


Format 










RTNI 
-saved before. 


| operation | 


1— I/E return from subroutine 





This is the return instruction (RIN) accompanied by I/E set 
instruction. 


Restores Carry and Status simultaneously. 


: Address format and the number of cycles i. 


" operand Number | Number of 


execution 


ee comme oe oe oles 


) 
| 
1 


01478 2FF 04B1 KITMRTN 
01479 18A 001 O4B2 
01480 Oll O4B4 
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7 | No. | ‘Control Instruction _ 
















No effect 





Brings to Stand-by mode. 


The SBY instruction puts the MCU into the Standby mode. In the Standby | 
mode, the oscillator circuit is active and timer/counter and serial inter- 
face continue working. On the other hand, the CPU stops since the clock | 
related to the instruction execution stops. Registers, RAM and Input/ 
Output pins retain the state they had just before going into the Standby 
mode. The Stand-by mode is released by RESET input or CPU interrupt. 

If I/E=l1, enters into interrupt sequence and if I/E=0, executes the 
instruction next to SBY without executing interrupt process. 

















| n Instruction word Number ,of 
Address format | Mnemonic! Operan d ss Number execution 
| format First , Second of words — 


| 5 
| ae WE 
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| No. | Arithmetic Instruction 
eS 


SEC (Set: Carry) 
: 


No effect 














| 


Sets Carry. 





Number ,of 
Number - execution - 
of words cycles 
| 


;M-A-CA(0)—A 
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No effect 






Instruction word | Number ,of : 
— — execution 
- Second cycles | 


| 


7D (0) =1 
;D(1)=1 


3D (2) =1 


7D (3) =1_ 
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| No. | input/output Instruction | 
SEDD 


SEDD (Set Discrete I/O Latch Direct) 
[Format | [satus | 


No effect 













Sets discrete I/O addressed by 4-bit direct address m3-0.. - 





Mnemonic! OPerand Instruction word | 
Nea. 4. coemat First , Second 


(e | 
SEDD !' m- $2Em | 
| 












Numb 
Number — eee cen 
of words cycles 

rr ee 


‘| Address format 













DIRECT (4 bits) 


= 


* 
KIDINCLR 
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‘SEM (Set Memory Bit). 


No effect 





Sets the bit specified by nj j~9 of RAM addressed by W, X, and Y 


registers. 





| Number ,of 
execution 
cycles — 





226 HITACHI 


| No. | RAM Bit Manipulation 
Instruction 


__SEMD 


| SEMD (Set Memory Bit) 
[Forme | [ _seacus | 


No effect 


















Sets the bit specified by n,-0 of RAM addressed by 10-bit direct 
address dg-0. | 





| . Operand Instruction word | Number ,of 
Mnemonic | P cables Number execution 
format First , Second of words cycles 


SEMD | n,d 201-1000, d 9 2 
-Ol nj no! 


| 


187 043 $3, $043 
363 | LPE3 
18B 043 : $3, $043 
















000 
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Arithmetic Instruction 








NB of (M-A-CA) 
M-A-CA 
M-A- TA 





M-A- CA>A, NB>CA 


‘ 





Subtracts the contents of Accumulator and CA from the contents of 
RAM addressed by W, X, and Y registers and stores the result in 
Accumulator. | 


Latches NB into CA and judges it. 















lo rneeruca: Ea Number.of 
ainstracetan word Number | QUbeution 
First ; .. Second of words cycles . 


Mnemonic! ppeEane 
aie: ! 


“| format 


es ;Y=Y+1 : 
; A=M (WXY) -A- CA 


os ERROR 


;Y=Y+1 o afte 
;A=M(WXY) +A 
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| No.| Arithmetic Instruction | 
SMCD__ 


| SMCD (Subtract A from Memory with Carry) 
|| seacus | 


NB of (M-A-CA) 
M- A-CA<0O ST=0 
M-A-CA20 ST=1 















[operation 


M(d) - A - CAA, NB->CA 





Peseription 


Subtracts the contents of Accumulator and CA from the contents 


of RAM addressed by 10-bit direct address dg9-Q, and stores the 
result in Accumulator. | 


Latches NB into CA and judges it. 














Number .of 


pre Re | ; erand | $=Instruction word r | 
‘Address format | Mnemonic! Op ~ ; Numbe 1 execution 
i ee | format First i Second of words cycles 


aeons So \ 
= 





. . sY=Y+1L 
$035. ;A=M(035) -A-CA 
OSERROR 
— pY¥=Y41 


;A=M(WXY) +A 
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Control Instruction » 


No effect 















Brings to Stop mode. 


Brings all operations to halt. by stopping oscillation. | 
The contents of RAM are held. 
Stop mode is released with reset and the next operation starts from 


the reset state. 


Number OF. 
execution. 


[First 1 Second | of words | “cycles” 


: r 
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(Note) The STS instruction is not available No. 
in the HMCS412 and HMCS414. 


STS (Start. Serial) 


No effect 


Format 









STS 






! 
e 


Operation 





Serial Start 


|Description 


Starts serial operation. 
Outputs serial internal clock. 
Enables itself to reset serial counter and input serial clock to 


serial counter and serial shift register. 


Address format and the number of execution cycles 


"operand Nunber, of 











ee | : Number 

; : execution 
edarcee Format. | MNeMOnICY icornat cycles 

: | : 

| Example 





; PMR 
;SRL 
; SRU 


;SMR 

;SET I/E 
;RESET IFS 
;RESET IMS 
;START SCI 
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| ; | . , Operand Instruction word Number ,of | 
Address format Mnemonic | P - Number execution > 
| ' format First ~ Second of words cycles 













a] sw 


SYY (Subtract A from Y) | 
7 


NB of (Y-A) 
Y-A<0O ST=0 
Y-A20 
















Description 


Adds two's complement of the contents of Accumulator to the 


contents of Y register. (Y+A+1). 


| Address format and the number of execution cycles | | 











1 
i y 
| 









01158 OD4. 
01159 1CE | OSERROR 
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[No | Row Aaivene Tnatraction | 
rao] TR 


TBR (Table Branch) 


No effect 


Format 












TBR p 


| operation | 






Unconditional branch with 


Table. 


PC11-0 are modified by Accumulator, B register, and 4-bit direct 


address P39. That is, performs unconditional branch with the 






data of Accumulator, B register, and 4-bit direct address. 
PC13-12 are 0. 
PC) 3 


O P3 P2 Py, Po By Bo By, B 











Number ,of 


| | ; Operand Instruction word r 
‘Address format Mnemonic! Pe —— Numbe execution 
: ' format First Second of words | cycles 


t 
REGISTER + | 
| TBR OB 1 1 
DIRECT (4 bits) ee Le 


Example 








$5 
$7 : 7 
$3 ;JUMP TO Address ($0375) 
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|. Arithmetic Instruction | 





| | 










Tests the contents of CA 





(Carry). 


|Description] | 


The contents of CA remains unchanged. 




















‘ I nstrvu Number | ae 
Mnemonic! OPerand | Number execution 
| ~~ t format First a “Second of words cycles 





| Bxampte 
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Input /Output Instruction 


TD 


TD (Test Discrete I/O Latch) 


D(Y)=0 
D(Y)=1 


Format 








D (Y) 















Tests D(Y). 


Description 


Trsts discrete I/O addressed by Y register. 


The contents of discrete I/O latch. 





: Address format and the number of execution cycles 


7 ; Operand Instruction word Number ,of 
Address format | Mnemonic! ~P : Number execution 
es | | format First Second of words cycles 


| 
1 
1 
















$12 
: ;TEST D(12) 
OSERROR ;IF ST=1 
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: mis . _ Operand |~ Instruction word | r 
| Address format | Mnemonic! ~? —_— | , Numbe : 
| J format First Second of words © ; 


[Example 


[No | taps avenue Taser tion] 
ras[ TDSC 


| Forsae | 








D(m) D(m)=0 
D(m)=1 


| 


Tests D(m). 






Description 


Tests discrete I/O addressed by 4-bit direct address M39- 


The contents of discrete I/O latch. 
















Number of 

execution. 

, ] cycles 
I 













MBACKO 3 
NEXT1 
PROGA 
9 
NEXT2 
PROGB 
lL 


NEXT3 


PROSCX 
0 
ELSE] 
INITD 
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TNo.]_ RAM Bit eat Ace 
ngtruction 


T™ (Test Memory Bit) | 
[Forme | [seatus | 


M(n) M(n)=0 ST=0 
M(n)=1 













Tests M(n). 


| 


Tests the bit specified by 1-0 of RAM addressed by W, X, and Y 
registers. 


The contents of RAM remains unchaned. 
















operand Number, of 


Number execution 
| format First | First, Second _ of words cycles 
. 200-1000 ) 

-llnjing! 







Address format Mnemonic 







REGISTER 





a 


3 
OBERROR 
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"RAM. ‘Bit po cac ee 





j_seatus 


M(n) M(n) =0 ST=0 
M(n)=1 | 


| 














[operation 





Tests M(d,n) 


Pescription 


Tests the state of bit specified by nj_9 of RAM addressed by 
W, X, and Y registers. 


The contents of RAM remains unchanged. 


; Operand | Lor Number ,of |. 
: , execution 
| format cycles 


“Mnemonic 


$3 
$C 
2,$02C 
KICNTNXT 
KICNTDSP 





[No [ar negiater Tascraction 


XMA (Exchange Memory and A) 


No effect 


Format 











XMA (XY) 


| operation | 


(X <> SPX, Y<oSPY) MOA 










Exchanges the contents of RAM addressed by W, X, and Y registers 
with those of Accumulator. | 
(During executing the above, executes the followings according to the 
value of x and y in OP-code.. 


FUNCTION 










Number .of 


Address format | Mnemonic! Operand sDSEEpcrLen wore Number execution 
: 3 | | format First ; Second of words cycles 


: 7 : . ! 
ae eT 
| ~“UUYX | 
| 





7;M(040)=—*A, Y=5 
;M(045)=—*A 
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| No. | RAM- Register Instruction 








No effect 









aa | Operation | 







Exchanges the contents of RAM addréssed by 10-bit direct peaks 
dg-Q with EnOse: of Accumulator. 4. 


a i area: [Instruction word | mempare: Number , of. 
Address format | Mnemonic! opera pistes Fron word _ Number execution 
~t format First 1 . Second of words cycles 


253 KI INPUT2 $3 

180 02D : $02D 
23c | $C 

19C 02D 4. $02D 

364 . . KI INPUT2 


010, 
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[Wo [mirtegiover instruction | 


XMB (Exchange Memory and B)- 
[ seetus | 


No effect 
















[operation 


(X <> SPX, Y <>SPY) MOB 












Exchanges the contents of RAM addressed by W, X, and Y registers 

with those of B register. 

(During executing the above, executes the followings according to the 
value of x and y in OP-code. 








7 Number ,of © 


iT Waenica te Operand instruction word Number Repeat ees 
| format First i Second of words cycles 


; fl I 
fo = 100 
| 

















; A=0 

; B=7 
;B,A=ROM(17Y) 
;M(WXY)=B X++SPX 


;M(WXY) =A Y=Y+1 X<*SPX 
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Register-to-Register 
Instruction 









No effect 













Description | | | | ae tae 


Exchanges the contents of Memory Register (MR) in RAM with those 





of Accumulator. 





l6-digits (2 files) are MR, and 4-bit direct address m3~9 can 





select any digit. 








Address format and the number of execution cycles 










: Mnemonie! operand Number 
eta waa oe of words 
| | :- | 


| 





Number .of 
execution 
cycles 
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| No. | RAM Address Instruction | 
| 96 | XSPX 


XSPX. (Exchange Y and SPX) 


No effect 


Format 






XSPX 












Exchanges the contents of X register with those of SPX register. 





} : Address format and the number of execution cycles 


at ae . , Operand Instruction word Number ,of 
Address format Mnemonic! P - | Number execution 
ho ea | format First ; Second of words cycles 


{ : 
| 


| 










* 
KISTATUS 
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No effect 











ee Operation 


Exchanges the contents of X register with those of SPX register, 


and the contents of Y register with those of SPY register 


simultaneously. 


Address format and the number of execution cycles 


ie ; n - Instruction wo Number ,of » 
Address format | Mnemonic! Opera pron word Number execution 
| | format First Second of words cycles 


1 i 
| ; | 
! . : 
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[operation 


RAM Address Instruction 
| 98 | _XSPY 


| XSPY (Exchange Y and SPY) 
[Forme | 


status 


No effect 











Description 


Exchanges the contents of Y register with those of SPY register. 













oe = | Number .of 
el iccmaas ec Operand Pistrucrion word Number ao eea aon 
| ~!' format First Second of words cycles 


I 
| | 
. 

















' — YNEI | 















NZ of (Y - i) 
Y=1 
Yi 









Operation 


Description 


Compares the contents of Y register to 4-bit immediate data 


(13-9). 













- | ; Operand Instruction word: | 
Address format | Mnemonic! ~? : | Number 
| | | | format First Second | of words 


I 
| | 





Number ,of 
execution 
cycles — 





_ OSERROR 





7. APPLICATIONS 


Note that the circuits and programs shown in this item are example. Please 


examine them on your application carefully. 


7.1 Example of Subroutine Program 


Example of subroutine program much used in the HMCS400 series is shown in 
this item. Subroutine call is effective only when ST is "1". As for sub- 


routine 1 to 6, the following preconditions are applied. 


(1) The locations from $030 to SO6F of RAM are used as data area. 
(2) The digits 4 to 15 of data area hold data. | 
(3) The locations from $020 to $02F of RAM (Memory Register MRO to MR15 are 





used to save the register contents during interrupt service. 
(4) A', B', SPX', SPY', X', Y', and W' show save area of A, B, SPX, SPY, X, 
| Y, and W during interrupt service. Carry (CA) and Status (ST) save and 
return automatically. 
(5) On the program to be interrupted, if writing a value into W, the same value 


dts to be written into the location $020 (W''=MRO). 


Address RAM memory map el 





Fig. 72) RAM Memory Map 
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7.1.1 RAM Clear 
| RAM is not initialized by reset PUunOE LORS Therefore user initializes RAM 
with program when initializing RAM. - ca 


Subroutine which clears RAM address from $030 to $03F is shown in Fig. 7-2. 


(Label) _ (operand) 
$0 
SBO | «$3 
SFO $0 
CL 7 $0 
CL 





When clearing $PQO to $PQF, loads 


$P into W register and $Q into X 


register, and performs subroutine 


call for SFO at ST=l1. 


(Operand) 
- $Q 





Fig. 7-2 RAM Clear Subroutine 


7.1.2 RAM Data Transfer 
The subroutine shown in Fig. 7-3 transfers the data of $030 - $03F to $040 - 
SO4F 


(Label) (Operand) 
cB $0 
VD $4 


$3 
$0 


Specifies receiving 
area 





Specifies sending 


When transfering $RPO - $RPF to 
area 


$RQO --$RQF, loads R into W 
register, $Q into SPX register 
and $P into X register, and 
performs subroutine call for CF 


at ST=l1. 


(OP) - (Operand) 
LWI — «$R 
LXI |  $Q 
XSPX | 


LXI $P 
CALL CF 





Fig. 7-3 RAM Data Transfer Subroutine 
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7.1.3 RAM Data Exchange | 
-\ The subroutine shown in Fig. 7-4 exchanges the data of $03D to $03F with that 
of $040 - So4F. 


(Label) (Operand) 


« : CHB $0 
| CHF $5 


: 





(Note) When exchanging the data of 
| $RPO - $RPF with that of $RQO - 
$RQF, loads $P into X register 


and $Q into SPX register, and | 
performs subroutine call for CHD 


at ST=1. 


(OP) (Operand) . 
LWI $R 
LXI ———-$Q 
XSPX 
LXI $P 
CALL 





Fig. 7-4 RAM Data Exchange Subroutine 
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7.1.4 Decimal Addition 
The subroutine shown in Fig. 7-5 performs decimal addition between decimal 


12-digit data $034 - $03F and $044 - SO4F, and stores the result in $034 - SO4F. 





(Label) (OP) (Operand) 
& LWI $0 
LXI $3 
LXI $4, 
REC 
ADD LAMX 
AMC 
oe 
| LMAIYX 
BR ADD 
RIN 


_MOA 


(Note) Carry data of the most significant 
X@>SPX 


digit remaines in Carry (CA) in 






M+A+CA—>A this example. 


Big 


A—M 
Y+1l—Y 
X<>SPX 


y 


Fig. 7-5 Decimal Addition Subroutine 
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7.1.5 Decimal Subtraction a ae. | 
The subroutine shown in Fig. 7-6 subtracts the decimal 12-digit data of $044 - 
S04F from that of $034 - $03F, and stores the result in $034 - $03F. 


(Label) (OP) (Operand) 





© LWIL $0 
Be . 
XSPX 
* 
SEC | 
an a 
SUB LAMX 
SMC 
LMAIYX 
~ 


(Note) Borrow data of the most significant 


MA digit remaines in Carry (CA) in 







X>SPX this example. 


M-A-CA—>A 


DAS 


AM 
Y+i->yY 


X SPX 


( 


Fig. 7-6 Decimal Subtraction Subroutine | 


=| 


| 


7.1.6 Interrupt Service 


Carry (CA) and Status (ST) are saved and restored automatically. The A, B, 
SPX, SPY, X, Y, and W registers should be saved by software. However, W must 
be saved by the following process since it cannot be directly saved in memory 
or a register. If a value is written into W with the LWI instruction by a 
program requiring an interrupt service, the same value as W must be written 
to RAM area MRO; MRO is then saved in W' through the accumulator. The value 
of MRO should be the same as that of W during program execution. In addition, 
due to RAM retriction, the value of W must be 0 or 3. Refer to Fig. 7-7. 


(Operand) (Comment ) 
Register save $F A SAVE 





$E | B SAVE 
$D _ SAVE 


$C SAVE 


$B SAVE 


$A SAVE 


$0 
$9 SAVE 


Register return 


$3, $029 
LOOP1 
$3 

$3, $020 
LOOP2 
$0 

$0, $020 
$A 


$C 
$D 


$E 





Fig. 7-7 Interrupt Service Program 
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7.1.7 Display Tube Dynamic Drive 


‘The program performs dynamic display of 9-digit BCD data, $037-$03F in 
decimal. The display tube has 7 display segments (excluding decimal Ra) 
_ and is composed of 9 aa in all REEECE to ers 7-8). 


rT DL 





R99 
Ri? 


7 segment 
Display 
tube digits “ite ; 
| a | R93 





Fig. 7-8. Configuration of Display Tube. 


Discrete I/O pins D7-D15 are used as digit control signals and data 1/0 
ports Rj , R2 are used as segment signals. The Y register addresses D port. 
Segment display data are held in ROM pattern area and accessed by pattern 
instructions. This data is then loaded into registers and output from R], R2 
ports. | 
_ For example, data "5" is stored at address $037 as a binary number 
"(0101)2". If this data is displayed in decimal, each segment signal 
becomes R100, Ryy=1, Ry2=1, Rao0=1, R21=0, R22=1, and R23=1. 
The above data is stored at address $115 of ROM pattern area as shown in 
Table 7-1. 


Table 7-1 Contents of ROM Address $115 










Control 
part 


ed 
a SN 


Data for. segment display 


254 HITACHI 


(10)2 of the control part specifies that the contents of r7-r0 are output 
to Rj and R2 ports. 

At this time, the pattern reference address should specify $115 as shown 
in Table 7-2. $5 is written into the accumulator, $1 into B register and $1 
is specified as direct data of the pattern instruction. The upper 2 bits are 
fixed. Refer to pattern generation for additional information. 

Fig. 7-9 shows allocation of ROM pattern area. The segment data represents 
"O" in $110, and "1" in $111. In the same manner, segment data from 0 to 9 
are represented from $110 to $119, respectively. 

The flowchart for the display tube dynamic drive routine is shown in Fig. 
7-10. Fig. 7-11 and Fig. 7-12 show the program listing and timing chart, 


respectively. 
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Table 7-2 Pattern Reference Address - 


B eerste Accumulator 


PRARRARE 


eS Control 3 
Address part — Data for segment display 
address 


Display 
character 





Fig. 7-9 Allocation of ROM Pattern Area 
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Disp ay 
tube 
routine 


$1— B 


$7 — Y 











Pattern 
instruction 
(Note 1) © 
: { 1 — D(Y) 
pa) 
ra} 
- se wee | (Note 2) 
- 
| 0 > D(Y) 
(Note 3) 


(Note 1) The latter half of blanking time. 
(Note 2) Lighting time. | | 
(Note 3) The first half of blanking time. 
* Adjust the time by inserting appropreate process in (Note 1% 3). 


Retain W, X, Y registers and status. 


Fig. 7-10 Flowchart of Display Tube Dynamic Drive 
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(Label) (Operand) (Comment). 
$0 
$3 
$1 
$7 


$1 


Light out 


Blanking 





Fig. 7-12 Timing Chart 


258 HITACHI 


7.1.8 Keyboad Scan 
This program is used by calling from of display tube dynamic 
drive. 
Fig. 7-13 is a keyboad scan routine (9x4) composed of key timing signal of 


D7 ~ Dy5 pins and input of RO port. 


The timing of D7 % Di, has already 





Key board ; specified in the display tube 
dynamic routine. (Y register) 
Rgqg © R93 
D7 Sa De 
Pa (Label) (OP) (Operand) (Comment ) 
KEY SCAN . 
| | KEYSCAN LAR $9 The first INPUT 
R99» A XSPY 
LYA | 
X—~ SPY LAR $9 The second INPUT 
A—-Y SYY 
YNEI $0 Compares 
| R9-— A | BR KEY RET Not the same key 
at a ALE $0. 
BR KEYRET No input key 
) | XSPY | 
: RED Lights out the display 
YO 
a BRL JOB Goes processing routine 
(JOB) having key in Y 


and A registers 


AS 0 KEYRET  XSPY | 
RIN Returnes to dynamic 
<a> display 
A>0 
Yo SPY Y~~-SPY 
DD D(Y) RTN 


7 JOB 


(Note) This program inputs data twice successively and compares then to keep — 
from keyboard chattering. If two inputs agree, key is loaded and the 
program jumps to processing routine (JOB). Return to display tube 
routine by RIN instruction at the end of JOB because return address 


to display tube routine remains loaded in the stack if as it is. 
Retain W, X, Y¥ registers and Status in the JOB routine. 


Fig. 7-13 Keyboard Scan Routine 
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7.1.9 Timer A Application Example 
Timer A is used as follows. Its logical flowchart is shown in Fig. 7-17. 


qa) Value is get, 1h Timer Mode Register A (TMA). 
Timer Mode Register A is a 3-bit write-only register located at address 
$008 of RAM. wt” OO | 
Prescaler divide ratio is determined by wnavents of the register and 
generates Timer A clock pulse. Timer Mode Register A is 0 during MCU 


reset. 


(2) Interrupt is initiated when an interrupt request occurs. 





First, reset. Timer A Interrupt Request Flag (IFTA) located in bit 2 of 
$001. Then set or reset Timer A Interrupt Mask (IMTA) located in bit 3° 
of $001. Set or reset Interrupt Enable Flag (I/E). -_ 
IMTA is set to "1" and I/E to "0" during MCU reset. 

These operations determine if the system will be interrupted or not after 


Timer A interrupt request. 


(3) Timer Counter A (TCA) starts to count clock pulses generated at or after 


TMA setting. TCA is $00 during MCU reset. 


(4) The counter generates an overflow at the 256th pulse, and then starts: to 


- count, from SOO. 


- (5) Overflow is latched in Timer A Interrupt Flag (IFTA) and the process is 
. then performed according to the initial value. IFTA is located in bit 2 
of RAM $001. This flag is reset by software. ; 


(Note) The number of pulse counts immediately after setting Timer Mode 


Register A to the first overflow is indefinite. 


The followings are example of a clock using Timer A. The clock shows 
minutes and seconds. Data of $030-$033 shows lower digits and upper digits 
of seconds and minutes. Refer to Fig. 7-14. The clock is incremented every 
second and figures are counted upward as in a normal clock. 

The clock returns ''0" after 59' 59", and the continues to count upwards. 


The flowchart is shown in Fig. 7-15. 
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Address 


minute minute second second 
(upper (lower (upper (lower 
digits) digits) digits) digits) 





Fig. 7-14 RAM Map of Clock using Timer A 


When using a 4.19MHz crystal resonator as the oscillator, the system clock 
| becomes 525kHz. Clock pulse frequency is precisely set at 256Hz by setting 
the prescaler divide ratio to 1/2048. Consequently, the Timer A Interrupt 
Request Flag is set every second in this state. 


An example of the program is shown in Fig. 7-16. 
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IHOVLIH 292 


TIMER 


Save 
| Foutine |] (Note 5) 


$0 > W 


$3 > X 


(Note 2) 


$0 > Y 0 CA 


= 
4 
> 


Atl >A 


> 


(Note 3) 


(Note 4) D 


> 


Y—™M 
Y+1 > Y 


Test CA 
Y+l— Y 


N 
fost 


Test CA 0—>$033 


vacieclule 


RAM clear subroutine. 


Sets prescaler divide 
ratio to 1/2048. 


aa 
routine 


| Q-— IFTA f 


Q 

> 
it 

© 


Resets Timer A inter- 
rupt mask. 


Sets interrupt enable 


flag. RINI 


of 


Save, return subroutine 





Fig. 7-15 Flowchart of Main Routine Fig. 7-16 Flowchart of Timer Subroutine 


(Label) 
Main routine 


TIMER 


Timer subroutine 


SECH — 


MINH 


DISP 
RET 


(OP) 
CALL 
LAI 


REMD 
SEMD 
NOP 

JMPL 


CALL 
LWI 
LXI | 
LYL 
LAM 
REC 
Al 
DAA 
LMATY 
TC 
BR 
BR 


LAM 
AI 
ALEI 
BR 
LMITY 
LAM 
REC 
Al 
DAA 
LMATY 
TC 

BR 
BR 


LAM 
Al 
ALEI 
BR 
LMID. 
BR 


LMA 
CALL 
REMD 


RINI 


(Operand) 
RAMCLR 
$0 

$008 

$3, $0001 
$0, $000 


TIMER 


SECH 
RET 


$1 
$5 
DISP 
$0 


$1 


MINH 
RET 


$1 

$5 

DISP 

$0, $033 
RET | 


LOAD 
$2, $001 


(Comment) 
Calls RAM clear subroutine. 


Sets prescaler divide ratio. 
Resets timer interrupt mask. 


Sets interrupt enable flag. 


Calls save routine. 


Calls return routine. 
Resets Timer A interrupt 
flag. 


Fig. 7-17 Program Listing of Timer A Application 
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7.1.10 Timer B Application Example 


‘Timer B is used’ as follows when using clock as an input. Its flowchart 


and program listing are shown in Fig. 7-18 and 7-19, respectively. 


(1) Timer B Interrupt Mask (IMTB) is set to inhibit interrupts during setting 
of each mode register. IMTB exists is located in 1 of RAM $002. It is 
set to "1", and Interrupt Enable Flag to "0" during MCU reset. 


(2) Setting of Timer Mode Register B 
4—bit Timer Mode register B (TMB) is located at $009 of RAM. First, it 
is determined whether or not the auto reload function is used by setting 
or resetting bit 3. | 
Then the prescaler divide ratio and clock input source are specified. In 
the case of an external event input, specify bit 0, 1 and 2 according to 
the prescaler divide ratio. The Timer Mode Register B is not set bit by 
bit, but the set value is loaded into RAM at one time. This register is 
set to "0000" during MCU reset. | 


(3) Initial value is set in lower bits (TLRO-3) of reload register located in 
SOOA of RAM. | | 
Initial value is set in upper bits (TLR4-7) of reload register located in 
$00B of RAM. The value of reload register is $00 during MCU reset. 


(4) Timer B Interrupt Request Flag (IFTB) is reset. IFTB is located in bit 0 
of RAM $002. | | 
Timer B Interrupt Mask (IMTB) is reset. 
ameereupe Enable Flag (I/E) is set. 


(5) Overflow generated from Timer Counter B is latched into Timer B Interrupt 
Request Flag (IFTB) and the process is then performed according to 
initialization of interrupt. IFTB is located in bit 0 of RAM $002 and is 
reset only by software. 

The following sentences describes an example of setting the interrupt 
cycle. Suppose a 50.176 (msec) interrupt cycle is generated by using a 
4MHz crystal. 8 frequency divider generates a 500kHz system clock, and 
a 1.024 (msec) prescaler output cycle is obtained by using prescaler 


divide ratio L/5i2 If the value 207 is loaded into the reload register, 
1.024 x (256-207) =50.176 (msec). 


Because (207) ,9=(11001111)2, set (1111)9=$F in lower digits of the reload 
register and (1100)2=SC in upper digits. 
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The flowchart and program listing are shown in Fig. 7-18 and 7-19, 
respectively. Note that the process time of this subroutine does not 


exceed 50 msec. 


(6) The contents of Timer Counter are read in twice; the lower 4 bits are 
read immediately after reading the upper 4 bits because the lower 4 bits 


are latched simultaneously when the upper 4 bits are read. 
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MAIN 


$1 —> IMTB Sets Timer B interrupt Mask. 


$9 > TMB | Transfers the value to Timer B Mode Register. 
$F — TLRL | Transfers the value to Lower Digits of Reload Register. 


$C — TLRU Transfers the Value to Upper Digits of Reload Register. 


0 — IFTB Resets Timer B Interrupt Request Flat. 


O — IMTB Resets Timer B Interrupt Mask. 


1 — I/E Sets Interrupt Enable Flag. 





Fig. 7-18 Flowchart of Timer B Application Example 


(Label) (Operand) (Comment ) 
Main routine $1, $002 Sets Timer B Interrupt Mask. 
$9, $009 — Transfers the value to Timer B 
Mode register. 
$F, $010 Transfers the value to lower 
digits of reload register. 
$C, $011 Transfers the value to upper 
digits of reload register. 
REMD $0, $002 Resets Timer B Interrupt Request 
Flag. 
REMD $1, $002 Resets Timer B Interrupt Mask. 
SEMD $000 Sets Interrupt Enable Flag. 
NOP 
JMPL TMB 





Timer B interrupt routine 


CALL — Calls save routine. 


Processing 


~ CALL LOAD Calls return routine. 
REMD $0, $002 Resets interrupt request flag. 
RINI i , 


Fig. 7-19 Program Listing of Timer B Application 
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7.1.11 Serial Interface Application Example 
Serial interface is used as follows. 


(1) Data transfer (prescaler divide ratio: 1/128) 
Fig. 7-20 shows the data transfer routine. The program listing is shown 


in Fig. 7-21. 


i 

+LIS 
eH 

24 Zz 

= 

wn 


Sets serial interface interrupt mask. 


1 
> 


Transfers the contents of RAM to accumulator. 


> 
4 
nn 
wx 
mr 


Transfers the contents of accumulator to lower bits 
of serial data register. 


<< 
| 
v 

> 


Transfers the contents of RAM to accumulator. 


Transfers the contents of accumulator to upper bits of 
serial data register. 


> 
v 
“nr 
re 
ro 


v 
rd 
= 
Oi 


$1 Sets Ry /SO pin as SO output pin. 
$A — SMR Internal clock specifies prescaler divide ratio to 1/128. 


+» IFS Resets serial interface interrupt flag. 


0 — IMS Resets serial interface interrupt mask. 


— I/E Sets interrupt enable flag. 


ae Serial interface start instruction 





Fig. 7-20 Data Transfer Routine 


After STS instruction, 8-bit data is transferred from Ry49/SO pin synchro- 
nously with pulse output from Ryo/SCK pin. IFS is then set and interrupt 
vector occurs. If the program does not need to jump to an interrupt routine, 


set IMS or reset I/E before executing STS instruction. 
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Main routine | (Operand) er (Comment) 


$1, $003 Sets serial interface interrupt mask. 


$030 Transfers the contents of RAM location 
: $030 to accumulator. | | | 
Transfers the contents of accumulator to 


$006 SRI,. 


$031 Transfers the contents of RAM location 
$031 to accumulator. 


Transfers the contents of accumulato 


$007 to SRU. ; 3 





$004 Teas the value of $1 into PMR (SO). — 
$005 Loads the value of $A into SMR. : 
$003 Resets IFS. 
$003 Resets IMS. 

_ $000 Sets IL/E. 


Starts serial interface operation. 





Fig. 7-21 Program Listing of Data Transfer | 


(2) Data reception (external clock) 


Fig. 7-22 and Fig. 7-23 are flowchart and program listing of data 
reception respectively. oS meee BS , 


Sets serial interface interrupt mask. 
Programs R4)/SI pin as SI pin. 
Specifies external clock mode. 

Resets serial fetes interrupt flag. 


Resets serial interface interrupt mask. 


. Sets interrupt enable flag. 


STS. cuStruer Serial interface start instruction. 


' 
' 
{ 


END 





Fig. 7-22 Flowchart of Data Reception — 
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Error .check Confirms error occurrence. 
Save routine Saves registers. 
Processing Interrupt service. 


Return routine Restores registers. 


Resets serial interface interrupt flag. 








Fig. 7-22 Flowchart of Data Reception 


Main routine (Operand) 


REPEAT $1, 
$2, 
$F, 
$0, 
$1, 
$0, 


Interrupt routine 


$1, 
$0, 
$F, 
$0, 


$003 
$004 
$005 
$003 
$003 
$000 


$003 
$003 
$005 
$003 


REPEAT 


SAVE 


Processing 


CALL LOAD 
RINI | 





(Comment ) 
Sets IMS. 
Loads $2 into PMR. (SI): 
Loads $F into SMR. (external clock) 
Resets IFS. 
Resets IMS. 
Sets I/E. 


Starts serial interface operation. 


Sets IMS. 

Resets IFS. 

Loads $F into SMR. Error check 
Tests IFS. 


Calls save routine. 


Interrupt service. 


Calls return routine. 


Fig. 7-23 Program Listing of Data Reception 


HITACHI 269 








270 HITACHI 


Lia Ayana 


7.2 ALU (Arithmetic Logic Unit) and Decimal Adjust Instruction. 


ALU basically consists of a binary adder. The block diagram of ALU is 
shown in Fig. 7-24. : 


S2 bus Sl bus Yy° 


een 
—— 


AND (Micro inst.) | y CA (Carry) 


OR (Micro inst.) Binary Adder +1 (Micro inst.) 


EOR (Micro inst.) 





Result OVF (Overf low) 


Fig. 7-24 ALU Block Diagram 


When the addition of two or more digits is performed, OVF (Carry) is 
latched in CA and is put into the ALU at calculation of the next digit. | 

Subtraction is performed by using the inverse input on the bus S2. That 
ia, calculation Sl - S2 is performed by the operation: S1 + S2 +1. But in 
this case, OVF means no borrow. 

When the subtraction of two or more digits is performed, OVF (that is, no 
borrow) should be latched in CA. In this case, the second calculation is 
performed by the operation: Sl + S2 + CA. ° | 


The following example shows the addition of 12-bit data. 


(159)y + (26A)q = (3C3)q 


0001 0101 1001 (159) 
+) 0010 0110 1010 (26A) q 
0011 01011 10011 
+) CA. CA CA — 0 
0011 ©1100 ~@oo11 (3C3)H 


(3C3)y - (159)y = (26A)q 


0011 1100 0011 (3C3) p 
+) 1110. 1010 0110. (159) 4H 


10001 10110 01001 
| CA C 


+) CA A. «—.1 
0010 (0110 O 1010 (26A)q 


(NOTE) H means hexa-decimal number. 


Decimal Calculation be Aad 

Decimal addition/subtraction using binary-coded decimal (BCD) is performed by 
the combination of binary addition/subtraction and decimal adjust instruction. 
The decimal adjust instruction performs the adjustment of Accumulator and 


CA according to their contents. 


Decimal addition 












| * A210 or CA=1] 
° o. + —A 
onadiate ponety_ addition A t+ 6 
ecimal Adjust (Additi 
seers ay I>C(CA) 


- A<10 and CA=0 
A,CA: unchanged 





Decimal subtraction ~) 
, > A210 or CA=0 







. A+ 104A 
One digit 
Decimal Adjust (Subtraction) 0>CA 


* A<10 and CA=1 
A,CA: unchanged 


For example, 


169+245=417 


0001 0110 1001 169 
+) 0010 0100 1000 248 Binary addition 
~ 00011 01010 10001 
+) CA CA CA <0 


Decimal Adjust 








(Addition) 
0100 417 
417-159=243 
0100 0001 0111 417 
+) 1110 1001 0110 169 | Binary subtraction 
10010 01010 01101 | 
+) CA CA CA 25.1 
Decimal Adjust. 
(Substraction) 
10010 248 | 
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13 Application of Logical pparabicn 
| Examples of bit manipulation of the data’ using ieeieai operation 
instruction are as follows. a | | | 
(1) Resets the least significant bit of the data latched in Rl port. 
Fig. 7-25 is the flowchart. : | | 


Sets $E into memory. 


Transfers the contents of Rl. port Gitsceuy: to 
accumulator. 





Performs logical AND operation between memory and © 
accumulator, and transfers the result to accumulator. 


Transfers the contents of accumulator to Rl port 


(latch). 


If Rl=$5, 
The contents of memory 1110 
The contents of accumulator 0101 
MA 0100 


\calsoniy the least. significant 
bit. is reset 





Fig. 7-25 Flowchart Using Logical and Operation 


(2) Sets the least significant bit of the data latched in R1 port. 
Fig. 7-26 is the flowchart. | 


Sets $1 into memory. 


Transfers the contents of Rl port (latch) to 
accumulator. 


Performs logical OR Speracion between memory and 
accumulator, and transfers the result to accumulator. 


Transfers the contents of accumulator Rl Mages 
(latch). : , re 23 


The contents of memory 0001 


The contents of accumulator 0100 


MUA . 0101 . 
| | \—— Only the least significant bit 


is set 





Fig. 7-26 Flowchart Using Logical OR Operation 
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(3) Tests the most significant bit of the data latched in R1 port. 


Fig. 7-27 is the flowchart. 


Loads $8 into memory. 


Transfers the contents of Rl port (latch) to 
accumulator. 


Performs logical AND operation between memory 
and accumulator. 


A -> A 
struction 


Yes 


| 
i 
1 
ae 
' 
END 
If R1=$5, 
The contents of memory _ 1000 


The contents of accumulator 0101 


MA | 0000 ST (status) > 0 


Consequently program does not branch because ST=0. 
| | 


The value of the most significant bit of Rl port is 0. 





Fig. 7-27 Flowchart Using Logical and Operation 


7.4 Checking Operation Frequency 
Connecting TEST pin to GND causes D6 pin to output pulse. The cycle of the D6 
pin is eight times as that of OSC, pin. Connect external pull-down resistor if 
I/O circuit type of Dg pin is not ‘Ho pull-down MOS" S shown in Fig. 7-28. 
| dye-mechod ih Fig. 7-28 may be inconvenient after the MCU has been 


built into a system since it operates in test mode. 
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Fig. 7-28 Recommended Wiring to Check Operation Frequency 


7.5 Watchdog Timer - System burst preventing circuit- 


A simple method of implementing the watchdog timer which is generally 


known as a means of recovery from a system problem is described below. 


(1) Basic circuit 


Fig. 7-29 shows the basic circuit of the watchdog timer. 


Monostable 


RESET Circuit] Multi-vibrator 





Fig. 7-29 Basic Circuit of Watchdog Timer 


(2) Operation outline 

(a) System software should be designed to generate a pulse through the 
port within a predetermined period (T<RC) once the program is normally 
executed. | | | 

(b) When the system is deadlocked or operates outside its normal routes, 
the system does not present port output change (i.e. it does not 
generate an active pulse), so that the potential of the in) point 
increases and the mievocomputer is reset. — | | 

(c) It is necessary to preset the RC at a value above the maximum value 
among all the routes that can exist in normal operation. RC is set 


to greater than 10 ms in Fig. 7-30, 
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Pass (A): 5 ms + 2 ms=7 ms 


(): 5 ms + 5 ms=10 ms 
START | 
| ©: 7 ms 
INITIALIZE = Preset as the pass (B)= 10 ms RC 
Decision 
1 


5 ms max © | JOB A 47 ms max 


Dec 7 ion 


® 





® 
2 ms max ig 


Fig. 7-30 Flowchart of Watchdog Timer 


7.6 Auto Reset Circuit 


Reset circuit which can perform power-on reset and auto reset at Voco<Vim 


will be explained below. (V,y; Threshold level) 


(1) Basic circuit 


Fig. 7-31 shows the basic auto reset circuit. 


to the 
RESET pin " 


| ae 
or 
Sha 7903 | 


HD74LS14 





Fig. 7-31 Basic Auto Reset Circuit 
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(2) Operation 
(a) Power-on Reset | | 
Since Vout in the circuits of Fig. 7-32 is pulled up by Ry, Cy is 
charged. The Vout rising time is determined by the charge time 


(Cc, x R,). Thus the power on reset is applied. 





Fig. 7-32 Vout in Power-On Reset Circuit 


 (b) Auto Reset 
The auto reset operation oe the basic circuits G, b) in Fig. 7-31 is 
explained below. - 

(i) Since the voltage Vz; and VF{ applied to ZD,; and D,; are constant 
even if Vcc changes, the Vout changes, the Vout level is as 
follows: 

Vout=Vcc if Vec>Vz1 + VFI 
Vout=GND if Voc<Vz} + Vry 
(ii) Since the voltage Vz applied to ZD2 and the ON level Vpo of Try 
are constant even if the Vac changes, the Vout level is as follows: 
Vout=Voco if Vec>Vz2 + V2 
Vout=GND if Voc<Vz2 + Veo 
_ When the Vec changes, threshold level can be seared by executing 
the Zener diodes ZD, with ZD9. 

(c) By feeding back the output signal to the RESET pin and fine tuning 
the reference voltage, and by providing hysteresis to the V;y, during 
the shifting from operation to resetting and the Vim2 at the time of 

recovery, the auto reset function becomes more stable. Refer to. 

Fig. 7-33. | | 


RESET signal 


(Threshold 
- voltage) 





Fig. 7-33 Vout in Auto Reset Operation 
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7.7 Manual Reset Circuit 


When the MCU is reset by an external switch, steps must be taken to prevent 
chattering. The reset circuit shown in Fig. 7-34 can prevent chattering and 


provide power on reset. 


(1) Basic circuit 


The basic circuit for manual reset is shown in Fig. 7-34. 


Vout 


To the RESET pin 





Fig. 7-34 Basic Manual Reset Circuit 


(2) Operation 
(a) Power on reset 
During power-up, capacitor C will be charged and Vin rising time is 
determined by the CR charge time as shown in Fig. 7-35. The MCU can 


thus be reset normally. 





Fig. 7-35 Vin of Power-on Reset Circuit 
(b) Manual reset © | 


When SW is on, Vout is equal to Vec and the MCU is reset. When SW is 
off, capacitor C is charged, and the rising time of Vin is determined 


by the CR charge time. Chattering is prevented by capacitor C and the 
HD74LS14 Schmitt trigger. Refer to Fig. 7-36. 


OF F><«—_— ON» «— OF F @ When SW goes from OFF to ON, 
W e e 
: Vout=Vcc if Vin<0.8V 


@ When SW goes from ON to OFF, 
Vout=Voc if Vin>1.6V 
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7.8 Serial Data Transfer between HMCS402/404/408 and Other. MPUs 


The routine shown in Fig. 7-37 describes serial data transmission/ 
reception between the HMCS402/404/408 and other MPUs and storing the data in 


RAM, Hardware configuration available for this routine is shown in Fig. 7-38. | 


HMCS402/404/408 


(routine / 
_[e 
YES ERROR When READY/ERROR signal 


men 


YES 


is transmitted within 
NO certain time from other 
Save MPU, the system judges that 
pee error occurs during trans- 
mission and returns to 


STS instruction initialization of the main 


(receive 1 byte) 
routine and waits for the 


next READY signal. 


Interrupt | R 
registers 


RINI 


Fig. /-3/ Serial Data Transfer Routine 





4 50 


SI 


READY /ERROR 





Fig. 7-38 Example of Connection Between HMCS402/404/408 and Other MPU 
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7.9 Reversing a String of Transmit/Receive Data in a Serial Interface (LSB-MSB) 


Serial interface for the HMCS402/404/408 is shown in Fig. 7-39. Data is 
input to the serial data register LSB first through the SI pin synchronously 
with the rising edge of the transfer clock, while data is output from the 
serial data register LSB first synchronously with the falling edge of the 
transfer clock. 

When serial data transfer is performed between the HMCS402/404/408 and 
other MPUs, the string of data in the serial data register must be reversed 
(LSB - MSB) if their data formats are different. Programs for data string 
conversion of the serial data register are shown in Fig. 7-40 and described 


as follows. 





INTERNAL BUS LINE 


SERIAL DATA REGISTER 





Fig. 7-39 Serial Interface for the HMCS402/404/408 


When MSB is transmitted first from another MPU to the HMCS402/404/408, the 
data string input into the serial data register can be reversed using the 
pattern instruction. Pattern data is provided by the DC control instruction. 
First, the order of bits in the serial data register are reversed by conversion 
program (a), storing the data in memory (MD). Next, by executing program (b), 
this rearranged data is Teaded from’ memory to the SDR in the correct bit 
significance order. The pattern data provided for ROM in the above case is 


shown in Fig. 7-41. 
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SRU ($007) SRL ($006) 


Program (1). Program (2) 


MD ($010) MD ($011) 





Fig. 7-40 LSB - MSB Conversion 


(a) Serial data + program for (b) Memory > program for conversion 
conversion to memory ~ to serial data register 
LBI 1 | LBI 1 
LAMD $006 (SRL) @) | LAMD $011 
P oO @® | P 0 
LMAD $011 G) . LMAD — $006 (SRL) 
LAMD $007 (SRU) LAMD $010 
P 0 P 0 
LMAD $010 : LMAD $007 (SRU) 


Program example (a) is explained as follows. 


Another MPU transmits serial data $E5 MSB first to the HMCS402/404/408. 
$E5 is input to the HMCS402/404/408 serial data register in reverse bit 
order. : | | | 

The real SRL is loaded into A (Accumulator) from $7 because of this 
reverse byte order. | : 

After executing the pattern instruction (p), $E and $0 are loaded into A 
and B, respectively, since the specified address is $0017 at this time. 
The contents of A are stored in memory. 


Processes the real SRU in the same way as () to ©). 


GOO © © CO 


Consequently the bit order is reversed and stored in memory correctly. 
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ADDRESS 


$0010 
$0011 
$0012 
$0013 
$0014 
$0015 
$0016 


$0017 
$0018 
$0019 
$001A 
$001B 
$001C 
$001D 
$OO1E 
$001F 


5 





Fig. 7-41 Pattern Data 
7.10 Expansion of Input Ports 


The number of MCU input ports can be expanded using the HD14021B 
(8-bit Static Shift Register) as shown in Fig. 7-42. 


HD14021B 


HMCS400 
Family MCU 





Fig. 7-42 Expansion of Input Ports 
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The number of total input pins depends on the number of HD14021Bs. Thus, 


the number of I/O lines in a system can be multipled as shown in Table 7-3. 


Table 7-3 Expansion of I/0 Pin 


The number of the ‘The number of I/O 
HD14021Bs lines in a system 





7.11 A/D Conversion Circuit (I) - High speed version 


Implementing a simple A/D conversion (analog-digital conversion) using a 


resistance ladder (R-2R system) is described in this section. 


(1) Basic Circuit 
‘The A/D conversion basic circuit and timing chart are shown in Fig. 7-43 


and 7-44, respectively. 


Microcomputer 


-! .D D V:Voltage of the output 
Vout Vrerst + pte. toh e aby STN Of the pore 


Vout = 0: VinS VREF 
Necessary number of Vout = 1 : Vin > VREF 
port=Accuracy bit+! 


Vv 


“0” ; 


R 
CMOS 
HD140S0 





Fig. 7-43 A/D Conversion Basic Fig. 7-44 Timing Chart 
Circuit 


(2) Operation 
(a) to (c) describes a circuit for 3-bit accuracy. 
(a) Digital outputs (D3, Dy, Dy) range from (1, 1, 1) to (0, 0, 0) at the 
ports. Vppr is reduced from 7/8 V to 0 in 1/8 V decrements as shown in 
Table 7-4. 


(b) Output Vout, which is the result of comparison between the analog input 


Vin and Very, is reversed from 0 to 1 when Vin is greater than Vppp as 


shown in Fig. 7-44. 


282 HITACHI 


(c) The value of (D3, Dy, Dy) when Vout is reversed from 0 to 1 is a 


digital value corresponding to the analog input Vin as shown in 
Fig. 7-45. 


Table 7-4 Value of VpfFrF 







» D3" D2, Db 
VREF I + 2 + 33 x V 






pepe ie 
Pf fe [amr 
rep aie 
Pe fe [oer 
De eae 
Bcc 


Dj to Dy are denoted by "1" or "0" 





V: Voltage of the port output "1" 








(D3,D5,D,)=(1,1,1) 


The value of (D3,D),D,)is 
digital value of Vin 


Deduct 1 from (D3,D7,D,) 


Fig. 7-45 Flowchart to Obtain Digital Value of Vin 
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7.12 A/D Conversion Circuit (II) - Low speed version 


An A/D conversion system utilizing the time for charge/discharge of a CR 
circuit is explained in this section. This system is applied when high speed 


A/D conversion is not needed. 


(1) Basic Circuit 
An A/D conversion basic circuit of low speed version and the timing chart 


are shown in Fig. 7-46 and 7-47, respectively. 


Operation amplifier Microcomputer 
Vin HA17902 


Analog 
input 


Number of Count value 
rt required = 2 =} a 
po q ; N= 0 1234---°e T=To xn 


ie 
To : Timer Interval 





Fig. 7-46 A/D Conversion Basic Fig. 7-47 Timing Chart 
Circuit | | 


(2) Operation 

(a) Set the output at A of the port to 1, and discharge external capacitor 
C sufficiently. Then switch A from 1 to 0 synchronously with the timer 
interrupt, and charge capacitor C. Refer to Fig. 7-46. 

(b) Check Vout every timer interrupt bo observe the time T when Vout 
switches from 1 to 0. Vout becomes 0 when Vin is less than Vppp. T 
1s obtained as T=TO x n, where n represents the number of timer 
interrupts and TO represents the timer interval as shown in Fig. 7-47. 

(c) The obtained time T which is voltage converted is a digital value of the 


analog input Vin as shown in Fig. 7-48. 
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A/D conversion 
subroutine 


Port counter Timer routine 
initialize 


Add +1 to 


Output "0" to A the counter 


Timer interrupt 
No 


ee 
end? 
Yes 


Voltage end flag 
conversion 


Set conversion 


Time 





Fig. 7-48 Flowchart to Obtain Digital Value of Vin 


7.13 Fluorescent Display Tube Drive Application (1) HMCS402/HMCS404/HMCS408 


In the HMCS400 series, a fluorescent display tube can be driven by software 
using a display controller. This section explains how to drive a fluorescent 
display tube by timer B interrupt service routine. 

Fluorescent display is performed by outputting grid signals (1G-7G) from 

_ pins Dg-D,,5 and outputting segment signals (a-h) from pins Rgg-Ro3, RyQ-R13- 

Front view of the FL display tube is shown in Fig. 7-49, its specifications 
in Table 7-5, and aa application of it is in Fig. 7-51. RAM map for FL display 
is shown in Fig. 7-50. 

Grid and segment are selected by utilizing RAM area (for display) and the P 
instruction twice. D port is addressed by the value of GRID NO ($0CO) and 
outputs the grid signal. Segment signal is output from ports Rg and R, through 


A register and B register. 


(1) CODE data display 

The value set in the display area is loaded into A register. Then segment 
data is loaded into A register and B register by executing the second P 
instruction. The segment signal is obtained by outputting the register value 


from Rg and R, ports. 
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(2) Bit data display 

The value set in the display area is loaded in A register and B register. 
Segment signal is output from Rp and R; ports in the same way as CODE data 
display. | 

Intensity of the FL display tube is adjusted by resetting D port during 


(i) Timer B interrupt cycle, (ii) Timer B interrupt service routine. 
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Fig. 7-49 FL Display Tube Front View 


Table 7-5 FL Display Tube Specification 





286 HITACHI 











i 








an He 
GRIDIL i 
Dee 





o>) 
eS) 
= 
o 
) 
N 


GRID2 





K 
Mm 


Q 
es) 
— 


‘“GRID8 


XT KX 
ne 
ps4: 

Hie 


q) 
wa 
a 
y 
> 
N 


GRID4 


x 
xX 


u 
ZX 
xX 
4 
: 


> 
? 


x 
X 
[\ 


ns 
<| on OFF] Ist 


GRID? 


GRIDNO: Area for storing pin No. of D port outputting High level to light 
the FL display tube. 
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Decimal number to be displayed is set in GRID2, GRID3, GRID4, GRID5, and 
GRID7 in terms of BCD. "A" will be set in them to light out. As for other 
area, to light, set the corresponding bit, and to light off, reset it. 


Fig. 7-50 RAM Map for FL Display 
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Program Listing (1) 








SHEERS SEEEEEHEEERESESEHE SES ESSE SES 


* s 
* TIMER-B INTERRUPT ROUTIN ° 
e 6 


SHEKKHKEKREHKEEEEEEEEEEHKREEEHEHEDEEEHEEESEHEHEES 


REGISTER SAVE 


REMD IFTB,. $002 
CHER REE SEEKER EEERE EEE EEEEEEEEROREE 
* LAST GRID RESET . 
CHER ERE EERE EEEESE HEHEHE ESE RESO ESSE 

LAMD GRIDNO 

LYA 

RED 
HHP HEAREEHEEREHEEEEHREEEESEH OER SORES 
* FL DRIVE ° 
HERE REHE KERTH HEHEHE ERE REESE 

Al $1 

BR FLDRIVE1 

BR FLDRIVE2 
FLDRIVE1] LAI $9 
FLDRIVE2 LMAD GRIDNO 

LBI $F 

P $F A>FL DATA AREA XN REG 
2 B 0:CODE 1: BIT 

LWI $0 

LXI $C 

LYA 

DB 

LBI $E 

LAM 

BR FLDRIVE3 

P $F 

BR FLDRIVE4 


Program Listing (2) 


FLDRIVE2 IY 
LBA 
LAM 

FLDRIVE3 LXI 
T™ 
SEC 
BR 
REC 

FLDRIVE4 ROTL 
LRA 
LRB 


$D 
$0 


FLDRIVE4 


$0 
$1 


LiLo Pete eee ee EEE ES ES EEE SE REE EEE EE ES ES SS 


* GRID ON 


* 


hw KR OK Ro KK eK eK KK KK RK HK 


LAMD 
LYA 
SED 


GRIDNO 


REGISTER RESTORE 





RTNI 
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Program Listing (3) Pattern area 


LEE ESE LSE LEE EE SEL ERE EERE RL ESE EEL EEE EEE SLE LER EEE ELE ES OS 


SEGMENT PATTERN DATA 


PERE RE LEE EEE EEE EE EERE REESE SE EES EEE RES EEE EEE EES EE EE TS FE 


* 


© fe 2) a a OO iv) ~ 


BLANK 

UNDEF INDED 
UNDEF INDED 
UNDEF INDED 
UNDEF INDED 
UNDEF INDED 


* 


PEPER REELS EE SEE TERT EEE EEE TELE EEE RES LET ST EEE SE Pe PS eee 


* GRID DATA ADDRESS PATTERN AREA 


* 


Pepe e eet kee Lee ES EEE TE EEE SE EEE SE EEE LE PEPE Se ee ee es | 


DRG $FEO 
DC $1F6 
DC $160 
DC $1D5 
DC $1F1 
DC $168 
DC $1B8 
DC $137 
DC $1E0 
DC $1F7 
DC $1E8 
DC $100 
DC $000 
DC $000 
DC $000 
DC $000 
DC $000 
ORG $FF9 
DC $109 
DC $117 
DC $106 
DC $105 
DC $104 
DC $1038 
DC $111 


GRID? 
GRID6 
GRID5 
GRID4 
GRID8 
GRID2 
GRID1 





L6c IHOVLIH 


FLOURESCENT DISPLAY 
FUTABA 8-MT-O6ZYK 




















3 po | SUN {| MON (TUE! WED | THU | FRI SAT | 
| PCM jlst 2ndl 7 4 | 
| oo I | | CH | 

| | bits 
: © a | irre [| Jiet | | l ERROR | 
™ oo TS “= | 
@) Edin | | Piet Jug fi END | 
Wenant®) Marra Se Wee ator eee eae eee es 4 
Cc 


7G 66 5G 4G 3G 2G 1G 






® 1 
Converter ! 
Unit © cE 
al QO O 
QO ® @® 


®@ 





t/Vdisp R13 R12 R11 Rio Ro3 Ro2Ro1 Roo =:2295 Di4 D13 D12 D11D10 Dg 
HMCS402/404/408 
TEST R62 R61 R60 R53 R52 R51 Rso OSC4 OSC} 
G9 Q@) 2) @) 8 62) 





Voc Yee : md 
Vcc { | 0 


' ie C6 47/5 /|6/| 
1/|2/|3/ 
R2 0/}./),/| 


FUNCTION KEY 


Fig. 7-51 Application of FL Display Tube Drive 





7.14 Fluorescent Display Tube Drive Application (II) HMCS412/HMCS414 


In the HMCS400 series, a fluorescent display tube can be driven by software 
using a display controller. This section explains how to drive a fluorescent 
display tube by timer B interrupt service routine. 

Fluorescent display is performed by outputting grid signals (1G-7G) from 
pins Dg-D14 and outputting segment signals (a-h) from pins Rgg-Ro3, R 10-13: 

Front view of the FL display tube is shown in Fig. 7-52, its specifications 
in Table 7-6, and an application of it is in Fig. 7-54. RAM map for FL display 


is shown in Fig. 7-53. 


Grid and segment are selected by utilizing RAM area (for display) and the P 
instruction twice. D port is addressed by the value of GRID NO ($0C0O) and 
outputs the grid signal. Segment signal is output from ports Ro and R) through 


A register and B register. 


(1) CODE data display 

The value set in the display area is loaded into A register. Then segment 
data is loaded into A register and B register by executing the second P 
instruction. The segment signal is obtained by outputting the register value 


from Rg and R, ports. 


(2) Bit data display 

The value set in the display area is loaded in A register and B register. 
Segment signal is output from Rog and Ry ports in the same way as CODE data 
display. 

Intensity of the FL display tube is adjusted by resetting D port during 


(i) Timer B interrupt cycle, (ii) Timer B interrupt service routine. 
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Fig. 7-52 FL Display Tube Front View 


Table 7-6 FL Display Tube Specification 


Port 
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GRIDNO: Area for storing pin No. of D port outputting High level to 
light the FL display tube. | 


x 
Xx 
xX 
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1) 
=o} 
a) 







hx}: Not Used 
Co) 


OQ 


-TLEELCCELCCLIE 





bY 
DF 


LX 





ONE 


bit 3 bit 2 bit1 bit 0 


Decimal number to be displayed is set in GRID2, GRID3, GRID4, GRID5, and 
GRID7 in terms of BCD. "A" will be set in them to light out. As for other 
area, to light, set the corresponding bit, and to light off, reset it. 


Fig. 7-53 RAM Map for FL Display 
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Program Listing (1) 


PEELE SESE EEE SEE REESE ET EE EES SLE EE LEE SSE EE SF 


* * 
* TIMER-B INTERRUPT ROUTIN * 
* * 


PER EEE ELE LEE EES TEESE RES ELE EES EERE EL ES ES SS 


REGISTER SAVE 





REMD IFTB, $002 
SOROIOIOIOIOIOIR GOI IUIOIOIO IOI IOI IOI IOI ROR AOROI ROR Hie RAO 
* LAST GRID RESET * 


Ec he ec Ree a 


LAMD GRIDNO 


LYA 
RED 
PES SRE SESE SES EL EEE SEES ELE LES ES ES EEE EE SS 
. FL DRIVE * 
PEE ESE ESE EEE SESE ESE SE SELES E SEE EES EES SS FS 
AI $1 
ALEI $E 
BR FLDRIVE1 
LAI $8 
FLDRIVE1] LMAD GRIDNO 
LBI $F 
P $F A:FL DATA AREA X REG 
* B 0:CODE 1:BIT 
LWI $0 
LXI $C 
LYA 
DB 
LBI $E 
LAM 
BR FLDRIVE38 
P $F 
BR FLDRIVE4 
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Program Listing (2) 


FLDRIVES IY 


LBA 

LAM 
FLDRIVE4 LXI $0 

| TM $0 

SEC | 

BR FLDRIVES5 

REC 
FLDRIVE5 ROTL 

LRA $0 

LRB $1 
Me eM Wee i ee A ok Oe a 
c GRID ON * 


SECS SP CP e rrr rrr rrr errr rrr 
LAMD GRIDNO 
LYA 
SED 


REGISTER RESTORE 





RTNI 
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Program Listing (3) ... ... Pattern Area 


TLE CLE LE LE EEE EER EE EEE EE EEL EEE EEE EES ETE EPS EEE ES 





* SEGMENT PATTERN DATA * 
RHEKCKRAKKKEKKRKCKCKKHKKEKRKCKAKKKEKKKECARRKRERKKKEKREEKERRKE 

ORG $FEO 

DC $1F6 0 

DC $1860 1 

DC $1D5 2 

DC $1F1 3 

DC $168 4 

DC $1B8 5 

DC $137 6 

DC $1E0 7 

DC $1F7 8 

DC $1E3 9 

DC $100 BLANK 

DC $000 UNDEF INDED 

DC $000 UNDEF INDED 

DC $000 UNDEF INDED 

DC $000 UNDEF INDED 

DC $000 — UNDEF INDED 
ARECACEAE AERKEBEARKKKKKERAEKRRKEKKKE ERK KK RE 
* GRID DATA ADDRESS PATTERN AREA * 
RRKKKEKEKKK KEKE KRKE CK KKRKKEEKRKKEKKE KEKE EEE 

ORG $FF9 

DC $109 GRID? 

DC $117 GRID6 

DC | $106 GRID5 

DC $105 GRID4 

pc $104 GRID3 

DC $103 GRID2 

DC $111 GRID1 
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7-54 Application of FL Display Drive 


8. USER NOTES 
8.1 Precautions on Using W Register 


(1) In register indirect addressing (RAM addressing), the contents of W 
register are used for specifying RAM addresses. However, saving the contents 
of W register in a calling routine or an interrupt service routine is not 
simple because the W register is a write only register. | 

The contents of W register should be saved before an interrupt routine is 
invoked and restored just before its return. However, as the contents of W 
register cannot be read and saved, the identical contents of W register must 


be stored in RAM. The contents of W register can then be restored with the 





LWI instruction at the end of the interrupt service routine. This procedure 
is shown in Fig. 8-l. 

However, this procedure is not efficient because of (a) the increase in 
the number of steps and processing time, and (b) possible problems in program 
debugging. (Program error may not be found depending on the address interrupt 
is serviced. For example, if interrupt is not inhibited when changing the 
contents of W register, error cannot be found without interrupt servicing at 


this address.) 


(2) Consequently, the following procedure is recommended for not saving the 
contents of W register in a calling routine and interrupt service routine, 


and to prevent a situation which the contents of W register are unrecoverable. 


(a) Set the contents of W register to $0. 
Write $0 into W register at MCU reset and leave it unchanged from then 
on. In this case, register indirect addressing instruction (W,X,Y 
registers) can access the range from $000 to $OFF in RAM. When 
accessing the range from $100 to $3FF in RAM, use direct addressing 
instructions. 

(b) Use only direct addressing in an interrupt service routine. 
In the interrupt enable state with W register = $0, leave the value of 
W register unchanged during an interrupt service routine, and do not 


use register indirect addressing instructions. 
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Interrupt 


inhibit 


Interrupt 


enable 
| 





Fig. 8-1 Change of the Contents of W Register (Change to $3) 


8.2 Precautions regarding the Contents of RAM and Registers after Reset 


The MCU is reset by setting RESET pin to 1. At power ON in recovering 
from stop mode, apply RESET input longer than tpc to obtain the necessary time 
for oscillator stabilization. In all other cases, MCU reset requires at 
least two-instruction cycles of RESET input. 

Table 8-1 shows the items to be initialized by MCU reset and their initial 


values. 
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Table 8-1 Initial Value by MCU Reset 


a 
eee Execute program from the top of ROM address 


Status (ST) Enable to branch with conditional branch instructions. 
Stack pointer (SP) Stack level is 0. 


Pipeiee eo PO 


















(C) CMOS i es ee eee 


Standard pin} (B) With pull-up : 


1/0 pin 
output register 


(D) Without pull 
High voltage down MOS 


pin (E) With pull- 
down MOS 


Interrupt Enable Flag (1/E) 


See Item ‘‘Port Mode Register’’. 
See Item ‘Serial Mode Register”. 


Timer Mode Register A (TMA) 000" See Item ‘Timer Mode Register A” 
H **9000"’ 


Inhibit all interrupts 
No interrupt request 


Mask interrupt request. 


Enable to input. 


Interrupt flag 





Mode register 


Timer Mode Register B (TMB) See item ‘‘Timer Mode Register B’’. 
Timer/Counter A (TCA) ae i ey ee eee 
Timer/Event Counter 8 (TB) | _s00. [| —SSS~—SSSSC~C~“~S~S 


Timer Load Register (TLR) 
fe ed 


(Note) MCU reset affects to the rest of registers as follows: 


Timer/Counter, 
Serial interface 





Carry 


‘Accumulator _ | 
ree nase ee) FY The contents of the items before , The contents of the items before 
B Register MCU reset are not retained. ; MCU reset are not retained. 


W Register It is necessary to intialize them It is necessary to initialize them 


x ISPX R egisters (X/SPX) by software again. by software again. 
V/SPY Registers (V/SPY) 
Serial Data Register ASR) Same as above Same as above 


The contents of RAM before MCU 
reset (just before STOP instruction) Same as above 
are retained. 





8.3 Notes on Unused Pins 


When input/output pins not used in a user system are in a floating state, 
electric potential of the I/O pins should be fixed because the LSI. may 
malfunction by noise. The following describes some examples. 

High break-down voltage pin: Select "without pull-down MOS (PMOS open 
drain)" with mask option list, and connect the pin to Vec on the print board 
of the user system. 

Standard pins: Select "without pull-up MOS (NMOS open drain)", and connect 
the pin to GND on the print board of the user system. Ryo/SCK pin and 
R42/SO pin are programmed as Ry4g pin and Ry» pin, respectively by the serial 


mode register and port mode register. 
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8.4 Notes on Board Design of an Oscillation Circuit 


When connecting crystal and ceramic resonators with the OSC, and OSC2 pins 


for oscillation, observe the following design precautions. 


(1) Locate crystal, ceramic resonator, and load capacity C; and Cg as close to 
the LSI as possible as shown in Fig. 8-2 (induction of outside noise on the 


OSC, and OSC2 pins may cause problems in oscillation). 


(2) Wire the signal lines adjacent to OSC, and OSC2 pins as far apart as 


possible and not in parallel in order to prevent crosstalk. 


(3) If the signal line or power supply line is laid out near the oscillator 
circuit as shown in Fig. 8-3, normal oscillation may not operate as specified. 


The resistor between OSC, or OSC and nearby pins should be 10M or more. 


Signal C 


Sional. Be =s-SsPe-=--=4—— 


| 
i 
1 
i 
| 
' 
< 
ro 
© 
G 
60 
eel 
wn 





Fig. 8-2 Design of Oscillation Fig. 8-3 Example of Circuit Causing 
Circuit Board (1) Trouble in Oscillation 


(4) When operating MCU using an external clock, be careful of a long drop 
from the external clock to the OSC; pin. Induction of noise on the OSC) 
pin from signal lines or power supply lines can lead to malfunction of 
the MCU. Refer to Fig. 8-4. | 
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Fig. 8-4 Design of Oscillation Circuit Board (II) 


8.5 Automatic Paging Facility of Cross Assembler for the HMCS400 Series 


The following cross assemblers for the HMCS400 series have an automatic 


paging facility. 


(1) The S400XAS2F cross assembler for the H68SD operates under FDOS-III or 
FDOS-II with its host computer Hitachi development system H68SD5A, H68SD5 
or H68SD20. 


(2) The S400XAS6F cross assembler for the H680SD200 operates under CP/M-68K* 
with its host computer Hitachi development system H68SD200. 


(3) The S400MDS1F and S400MDS2F cross assemblers for MDS operate under ISIS-II 
’ or CP/M* with their host computer Intel development system MDS-220/230. 

Owing to the automatic paging facility, programmers can use conditional 

branch instructions for any size ROM without being concerned with page 

(256 words/page) boundaries. Two conditional branch instructions are 

available for the HMCS400 series : BR and BRL. The above cross assemblers 

have a unique instruction which has no object code, i.e., BRS. With the BRS 

instruction, the object code is automatically converted to BR if the destina- 

tion address is within the current page and to BRL if it is not within the 

page. With such object code generated, the mnemonic of the instruction in the 


source statement remains "BRS". 


* CP/M-68K and CP/M are registered trademarks of Digital Research. 


Destina- re 
tion Within the page Out of the page 


(l-word (2-word 
instruction) instruction) 
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(4) When a BRS instruction appears, object code for BR is generated if the 
destination address is within the current page and that of BRL if it is not 


within the page. 


(5) The BRS operand is a symbol name having a ROM address. 


OBJECT SOURCE STATEMENTS 


LBL1 EQU 

LBL2 EQU 
BRS  LBLlecssecesereee 
BRS = LBL2--erecesceves 





Fig. 8-5 Example of Automatic Paging 


G) Object code for the BR instruction is generated if LBL1 is in the 
current page. 

Q) Object code for the BRL instruction is generated if LBL2 is not in the 
current page. 

G) Object code for the BR instruction is generated because BRS is on the 
page boundary and LBL2 is in the following page. 

(4) Object code for the BRL instruction is generated because BRS is on the 
page boundary and LBL2 is not in the following page. 

G) If the number of automatic paging operations exceeds 255, the assembler 
outputs an error message and terminates the process. In this case the 


destination address of the BRS instruction is undefined. 


304 HITACHI 


8.6 Precautions for Port Mode Register (PMR) Setting 


IFO and IFl (External Interrupt Request Flags) are set if R32/INTo and 
R33/INT] programmed as INTg input pin, INT] input pin, respectively by 
setting the bit 2 and 3 of PMR to 1 during R32/INTo and R33/INT] input 
level LOW. Thus, PMR should be specified as the external interrupt input 
pin (INTg or INT]) only in external interrupt disable state. Then IFO or 
IFl should be reset. 

Although PMR is set as external interrupt input during R32/INTo and 
R33/INT] input level high, IFO and IFl cannot be set. 











External P 
interrupt Notes for PMR setting 
INTQ IFO is set if R32/INTp pin is programmed as INTo input pin 
by setting bit 2 of PMR to 1 during R37/INTop input level low. 
INT, IFl is set if R33/INT] pin is programmed as INT] input pin 


by setting bit 3 of PMR to 1 during R33/INT] input level low. 


The following examples shows the programming example of PMR for INTo. 


(Example 1) PMR is set in main routine 


e 


SEMD IMO, $000 INTO MASK 
LMID %0100, PMR R32=INTO 
REMD IFO, $000 IFO RESET 
REMD IMO, $000 INTg ENABLE 


(Example 2) PMR is set in INTg interrupt routine 


LMID Z0000, PMR R32=R32 
LMID %0100, PMR R322INTO 


REMD IFO, $0000 IFO RESET 
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9. Difference between EPROM in-package type, EPROM on-package 
type and Mask ROM type 


HD614P080S HD614P180 
HD4074008 HD614P0160S HD40P4181 


Typical instruction 
° 4, 


Power supply voltage 4.5 =~ 5.5 | Bc. Sys 
[Vv] 
4096 wordsx10 bits] (EPROM 2764) 
R 
pro a wordsx10 :bite:PROM 8192 wordsXxl0 bits] (EPROM 27128,27256) 
ee , ee ’ 576 digits*4 bits 
x 
pm be peabeieinal 276 digiters bits | 992 digitsx4 bits 
i Standard pins|NMOS Open drain*™l NMOS Open drain NMOS Open drain 
rs rege PMOS Open drain*2 PMOS Open drain 


jeyetat—[ ane RE 
ference «| cia ries 
festoence [= Cas 
Shrink type 64-pin}] 42 pin EPROM on 


EPROM on package. | package. 








































circuit 








PMOS Open drain 

















generation 








Package Shrink type 64-pin dual- 

in-line plastic package. 
64~pin flat plastic package. 
Shrink type 64-pin dual- 


in-line ceramic package. 


}Occupied area |18 8x57.3| 17x58 | 19.6x25.6 23x57.3 19x52.8 


High from 5.1 75. a) 
(max) 
























stand-off 
(mm) 








EPROM on-package 
*1, *2 Typical 5V use 
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Mask ROM 


HMCS402AC HMCS404AC HMCS408AC HMCS412AC HMCS414AC 
HMC S402C HMCS404C HMCS408C HMCS412C HMCS414C 
HMC S402CL HMCS404CL HMCS408CL HMCS412CL HMCS414CL 

1.33 Us 

2 us 

4 us 















2048 wordsx10 bits | 4096 wordsxl0 bits | 8192 wordsxl0 bits 2048 wordsxl10 bits | 4096 wordsxl10 bits 
160 digits*4 bits 256 digitsx4 bits | 512 digits*4 bits 160 digits*x4 bits 160 digitsx4 bits 


Each pin selects "without pull-up MOS (NMOS open drain)", 
"with pull-up MOS", or ''CMOS". 





Each pin selects "without pull-down MOS (PMOS open drain)" 
or "with pull-down MOS". 


° ie ene eee ee ee ee 


12) 


Shrink type 64 pin dual-in-line plastic package. 
64 pin flat plastic package. Shrink type 42 pin dual-in-line 
plastic package. 


DP-64S, FP-64 . DP-42, DP-425S 
17x58, 19.4x25.6 13.4x52.8, 14x37.34 


a abe a re 


/42 pin dual-in-line plastic package. 
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10. EPROM IN PACKAGE TYPE SINGLE CHIP MICROCOMPUTER HD4074008 
Under Development 


10.1 Overview 


The HD4074008 is a mass storage ZTAT microcomputer incorporating 8k words 
of programmable ROM and 512 digits of RAM. It is a CMOS 4-bit single-chip 
microcomputer which is a member of the HMCS400 series microcomputers providing 
the characteristics of high program productivity, high speed operation, and 


low power dissipation. 


(1) Features 
o Instruction Set Compatible with the HMCS402/404/408 





o 8,192 words X 10 bits programmable ROM (Program spec. is compatible with 
the 27256 type) | 
o 512 digits x 4 bits RAM 
o 58 I/O Lines Including 12 Large Current Pins (15mA), I/O Pin Circuit 
Type; Open Drain with 5 Voltage use. 
o Two On-chip Timer/Counters 
o Clock Synchronous 8-bit Serial Interface 
o Five Interrupt Sources 
External 2 
Internal 3 
o Subroutine Stack 
Up to 16 levels including Interrupts 
o Two Low Power Dissipation Mode 
Standby Mode 
Stop Mode 
o On-chip Oscillator 
Crystal or Ceramic Filter (Externally drivable) 
o Minimum Instruction Cycle Time 0.89us 
o Operation Mode 
MCU Mode 
PROM Mode 
o Package 
64-Pin Shrink Type Plastic DIP 
64-Pin Shrink Type Ceramic DIP with Window 
64-Pin Flat Plastic Package 
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(2) Pin Arrangement (Top View) 


Di 
012 
D13 
Dia 
D5 


“Roo 


Ror 
Ro2 
Ro3 
R10 
Rit 
Ri2 
R13 
R 20 
R23 
R 22 
R 23 
Rao 
Rat 
R 30 
R31 


R32 /INTo 
Ra3/ INT) 


R so 

Rs: 

R 52 

R 53 

R 60 

Re 

Rez GG 

Re3 

Vcc Rs 


(DP-64S) 


(3) Block Diagram 





PROM Mode 





i 
3105 


QO 
oy) 


MCU 


Ras 


Rao 


Ro 


Ri 
Rio 
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Mode 


Rao/Ras/Ra2/ 
scx si so 


R39/  Aa2/ 
iNT, INT 


RESET TEST OSC, OSC: Vcc GNO 









fe ere fi 
ree TIMER | TIMER EXTERNAL 
i race | A B INTERRUPT 





INTERRUPT CONTROL 


wee | 





SYSTEM CONTROL 





PROM 











8192 10bit 






RaaRa2/Rar/Reo/ Ra3/R32/R31R30 R23R22R21 R20 
so Si SCK INT, INT, 


RigRi2Rii Rio 


RosRo2Ro: Roo Dis DiaDi9012011 D109 08 D7 Os Ds Oc 03 020:D00 + MCU Mode 


0,0.03;0, 


AvwAis AizAiAioAo AsAr Ag As Ay As Ac Ay 


Fig. 10-1 Block Diagram 


O, O,0,Q « PROM Mode 


(4) Pin Function 


Pin arrangement depending on the mode 










PROM Mode 


Pe [me [oe [ome] = [To | [ow [ow 
see a pete teeta ete 
eo ce 
SO 
SH SE HES A 


Al 32 











Ww 
~ 
— 

it 





a ee a I ae 
a ae ee 2 a ee 
ane te DF eS a ae 





asf eo 
ET AE A ET A 
| 430 | 37 R82 a a ae 


- 
: 
© 
Ww 
: 
= 
E 







| cone 
eRe 
- 
iv <] 
| 
| one 
ri 
— 
Oo 
; 
oO 
E 





ron 
: 
~~ 
wn 
(i 
Ww 
i 
™ 
oO 
Pr 
oo 
i 
> 
13) 
to 
E 
‘ 
< 
~~ 
yy 






ea a 

Se ee ae eee ee eee eee 
p22 | 16 | Roost | ovo | to oo 
a ee ee ee 
[ee ee a ee ee ee ee 
Fe a aA Rae a ES ae se ee 
a ee ee ee ee ee ee ee ee ee ie 
| a eS ee ee 











(Note) 1/0 : Input/Output Pins 


I : Input Pins 
() : Output Pins 


, HITACHI 311 


(5) Pin Description 


The MCU input and output signals are described below. 


o GND, Vcc 
These are the power supply pins for the MCU. Connect the GND to the 
ground (OV) and apply the Vcc power supply voltage to the Vcc pin. 


o TEST 


This pin is not for use by users. It should be connected to Vcc pin. 


o RESET 
This pin is used to reset the MCU. 


o OSC), OSC2 
These are input pins for the internal oscillator circuit. They can be 
connected to the crystal resonator, ceramic filter resonator, or 
external oscillator circuits. The internal oscillator should be 


selected using a mask option. 


o D-port 
The D-port is input/output port addressed by one bit. All pins 
(Do-D15) are I/O pins. The pins Dg to D3 are standard pins and 
their circuit type is NMOS open drain. The pins Dy to Dyj5 are large 


current standard pins, and their circuit type is PMOS open drain. 


o R=-ports (RO to RA) 
These are 4-bit I/O ports. (RA however, is 2-bit construction.) RO, 
R6, R7 and R8 are output ports, R9 and RA are input ports, and R1 to 
R5 are I/O ports. All pins of port RO-RA are standard pins. 
The circuit type of D4-D15 and RO-R2 is PMOS open drain, and that of 
Do-D3 and R3-R8 is NMOS open drain. The pins R32, R33; R4o, Ry, and 
R42 are multiplexed with INTo, INT;, SCK, SI, and SO respectively. 


o INTo, INT] 
These are input pins with which MCU operations can be interrupted 
externally. INT] can be used as and external event input pin for 


Timer B. INTg and INT] are multiplexed with R32, R33 respectively. 


o SCK, SI, SO | 
The Transfer Clock I/O pin (SCK), Serial Data Input pin (SI), and Serial 
Data Output pin (SO) are used for serial interface. SCK, SI, and SO are 


multiplexed with Ryo, R4 ,, and Ryg respectively. 
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PROM Mode Pins 


O 


VPP 


This pin is used for applying program voltage (12.5V +0.3V) to internal 


PROM. 


CE 


This pin is input for programming and verifying internal PROM. 


OE 


This pin is input of data output control signal for verify. 


Ao-AL4 


These pins are address input pins for internal PROM. 


Og-97 


These are data buses for internal PROM. 


Mo, My 


These pins are used for setting EPROM mode. EPROM mode is set when 


QO» Mi, and TEST pins are Low level and RESET pin is High level. 
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(6) Package Dimensions a 
| | Unit: mm(inch) 


57.6(2.268) 
58.6max.(2.307max.) 


18.2max. 
(0.71 7max.) 


19.05 


| (0.750) | 


1 





(0.020min ) 
5.08max. 
(0 200max ) 


| | 1.778+0.25 ~ ! 
= 0.48 - 0.10 
(0.070 + 0.010) (0019 + 0.004) 


ce 
as 
33 O 15 
(Woe 
2. 


57.3(2.256) 


18.8(0.740) 


19.05(0.750) 


(0.220max.) 


(22582 


(0.0108 889) 


0.5imin.(0.020min.) 
2.54min.(6.1 00min.) 
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Unit: mm(inch) 


FP-64 


25.6 + 0.4(1.008 + 0.016) 


















20.0(0.787) 2.9max. 
5! 33 (0.11 4max.) 
ae —— 32 
— => -| |o 
= == 23/5 
— —- © +1 
—— ——— wed ee 
—— i TS ~ 
ae eee s 
— = Ss 
4—<— > 20 
OE EEL 
'+0.15] | 0.35+0.! 
(0.039 + 0.006) (0.014 + 0.004) 9 194009 
(9 006 + 0 002 
0-15 
A 9912) ° 


10.2 ROM Memory Map 


The MCU includes 8,192 words <x 10 bits PROM. PROM is described in the 
following paragraphs and PROM Memory Map is illustrated in Fig. 10-2. 


o Vector Address Area --- $0000 to $OOOF 
Locations $0000 through SOOOF are reserved for JMPL instructions to 
branch to the starting address of the initialization program and of the 
interrupt service programs. After reset of interrupt routine is serviced, 


the program is executed from the vector address. 


O Zero-Page Subroutine Area --- $0000 to $003F 
Locations $0000 through $003F are reserved for subroutines. CAL instruc- 


tion allows to branch to the subroutine. 


o Pattern Area --- $0000 to SOFFF 
Locations $0000 through $OFFF are reserved for ROM data. P instruction 


allows referring to the ROM data as a pattern. 


o Program Area --- $0000 to S1FFF 
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JMPL Instruction 
(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT; Routine) 
JMPL Instruction 


(Jump to TIMER-A Routine) 


Pattern JMPL instruction 
(4096 Words) (Jump to TIMER-B Routine) 


Program 
(8192 Words) 


Zero-Page Subroutine 
(64Words) 





Fig. 10-2 PROM Memory Map 


10.3 RAM Memory Map 


The MCU includes 512 digits <x 4 bits RAM as the data area and stack area. 
In addition to these areas, interrupt control bits and special function 
registers are also mapped on the RAM memory space. RAM memory map is 


illustrated in Fig. 10-3 and described in the following paragraphs. 


o Interrupt Control Bit Area --- $000 to $003 
This area is used for interrupt controls, and is illustrated in Fig. 10-4. 
It is accessable only by RAM bit manipulation instruction. However, the 
interrupt request flag cannot be set by software. RSP bit is used to 


reset the stack pointer. 


o Special Function Registers Area --- $004 to $00B | 
The Special Function Registers are the mode or data registers for the 
external interrupt, the serial interface, and the timer/counter. These 
registers are classified into three types: Write-only, Read-only, and 
Read/Write as shown in Fig. 10-3. These registers cannot be accessed by 


RAM bit manipulation instruction. 
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o Data Area --- $020 to $1DF 
16 digits of $020 through $02F are called memory register (MR) and 
accessable by LAMR and XMRA instructions. The configuration is shown 


in Fig. 10-5. 


o Stack Area --- $3CO to S3FF 
Locations $3CO through $3FF are reserved for LIFO stacks to save the 
contents of the program counter (PC), status (ST) and carry (CA) when 
interruption is serviced. This area can be used as 16 nesting level 
stack which one level requires 4 digits. A save condition is shown in 
Fig. 10-5. The program counter is restored by RIN and RTINI instructions. 


Status and Carry are restored only by RTINI instruction. The area, not 





used for stacking, is available as a data area. 


AM-mapped Registers 
‘ re interrupt Control Bits. 


Memory Registers(MR) Port Mode Reg (PMR) | W 


5] Serial Mode Reg. (SMR) ' W [$005 
6| Serial Data Reg. Lower (SRL) (R/W $ 006 
7] Serial Data Reg. Upper (SRU) ‘R/WI§$ 007 


8| Timer Mode Reg. A (TMA) | W }$ 008 
9| Timer Mode Reg. B (TMB)! W 1$ 009 


(448 Digits) 


; TCBL/TLRL) | 
TIMER-B eee Let) ees 008 
(TCBU/TLRU):R/WI$ 008 


Not Used . ’ 
Not Used 
Stack 


(64Digits) 


* Two registers are mapped on same address. 


R ‘Read Only Timer/Event Counter B Lower ! R Timer Load Reg. Lower { 
Ale: (TCBL (TLRL) |W 
W_:Write Only . 
Timer/Event Counter B Upper ; R Timer Load Reg. Upper iw !$O00B 
R/W: Read/Write (TCBU) (TLRU) ' 





Fig. 10-3 RAM Memory Map 
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bit 3 


eek eo (MOL. IFO _ RSP IVE 
(Reset SP Bit) (Interrupt Enable Flag) 
IMTA IFTA IM1 IF 1 
(IF of TIMER-A) (IM of INT) (IF of INT) 
IMTB IFTB 


Not Used | ih ph 
y aged (IM of SERIAL) (IF of SERIAL) 


: Interrupt Request Fiag 
: Interrupt Mask 
: ‘Interrupt Enable Flag 
Stack Pointer 
Each bit in Interrupt Control! Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 
instruction. {t is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. | 
The content of Status becomes invarid when ‘‘Not Used’’ bit is tested. 





Fig. 10-4 Configuration of Interrupt Control Bit Area 


Memory Registers Stack Area 

960 $ 3CO 
Level 15 
Level 14 
Level 13 
Level 12 
Level 11 
Level 10 | 
Level 9 bit2 bit 
Level 8 
Level 7 
Level. 6 
Level! 5 
Level 4 
Level 3 
Level 2 

1023] Level 1 


ib eee = Ty omramueountey (Note) As the HD4074008 is 8k EPROM 


CA; Carry | version, PC 13 is not used. 





Fig. 10-5 Configuration of Memory Register, Stack Area and Stack Position 
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10.4 


Total Allowance of Output Currents | mA 
Maximum Input Curent cir iar oe, 
iaximnuen Output Current ee 


(Note 1) 


(Note 2) 
(Note 3) 
(Note 4) 
(Note 5) 
(Note. 6) 
(Note 7) 
(Note 8) 
(Note 9) 
(Note 10) 
(Note 11) 





Absolute Maximum Ratings 


Supply Voltage —0.3 to +7.0 V 
Vt 


Pin Voltage | Mr | —0.3 to Vcc +0.3 
Toul Aware pn Givens [Big [0 


air) w 


8,9 
8,10 


ee 
Operating Temperature —20 to +75 
Storage Temperature —55 to +125 


Permanent damage may occur if ‘Absolute Maximum Ratings’’of the LSI or the EPROM are exceeded. Normal operation should be 
under the conditions of ‘Electrica! Characteristics’. If these conditions are exceeded, it may cause the malfunction and affect the 


retiadility of LSI. 

All voltages are with respect to GND. 

Applied to standard pins. 

Total allowance of input current is the total sum of input current which flow in from ail 1/O pins to GND simultaneously. 


Total allowance of output current is the total sum of the output current which flow out from Vcc to all 1/O pins simultaneously. 


Maximum input current is the maximum amount of input current from each I/O pin to GND. - 
Applied to 0D, ~ D; and R3 ~ R8. 

Maximum output current is the maximum amount of output current from Vcc to each 1/0 pin. 
Applied to Dp ~ D; and R3 ~ RB. 

Applied to RO ~ R2. 

Applied to D, ~ D,s. 
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10.5 HD4074008 Electrical Characteristics 
(1) DC Characteristics (Vec = 5V + 10%, GND = OV, Ta = —20 to +75°C, if not specified.) 








Value 
RESET, 
Voltage ve : ieee RENOIR OS PE 
ei nae PTL BC 
RS ot Se 
Input ‘‘Low” 
Haat Vie Het | 
sScnegeg SL ORR SS 
Outen” | | ecceo Lcowstoma [Veet | - | - | 
Voltage ae “Ton "O01 mWA | Veg-05 | _- | > 
Output “Low” ‘5 
RESET, SCK, 
ee Hil INT >, IN INT,, = OV to Vcc 
eakage Current Sl, SO, OSC, 
Current 
Dissipation in lee Vec 
Active Mode 


Current 





Current ay 
Dissipation in Vin(TEST) = Vee-0.3V to Veg i 
Stop Mode Vin( RESET) = OV to 0.3V . 


Stop Mode 


Vv 


< 
Q 
re) 


(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state: @ Reset state in Operation Mode 
Pin state; ® RESET, TEST .-. Vcc voltage 
e Do ~D,; : R3~RQ... Vec voltage 
eD,~D0,;, RO~R2, R ao: Rai: GND voltage 
(Note 3) The timer/counter operate and input/output current does not flow. 
Test Conditions: MCU state; @ Standby Mode 
® Input/Output; Reset state 
@ SERIAL Interface ; Stop 
Pin state; ® RESET ..-GND voltage 
© TEST .-. Voc voltage 
®D.~D;, R3~R9 --- Vee voltage 
®0,.~D,;, RO~R2, Rag. Rai -+ GND voltage 





(Note 4) When fos-=x [MHz] , the Current Dissipation in ence mode and Standby mode are estimated as follows: 


max. value (foge=xX [MHz] ) =2x max. value (fgg¢* 8[MHz] ) 
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Note 


Maximum 
Dissipation in isey Vec Bceies ee, mA 3,4 
Standby Mode Vee = BV 


(2) Input/Output Characteristics for standard pin — 1 
(Vcc = 5V + 10%, GND = OV, Ta = —20 to +75°C, if not specified 


Input ‘High’ Vv Do ~ D3, 
Voltage 1H R3 ~ R5, RO 


Input ‘‘Low”’ Do ~ Ds, 
Voltage 


= 
r 


R3 ~ R5, RO 
Output “Low” Do ~ Da. 
Voltage R3~ RB lo. = 1.6mA 
Input/Output Do ~ Ds. “ 
Leakage Current Niel R3~ RO Vin = OV to Vcc 


(Note 1) Output buffer current are excluded. 


Ee 
Oo 
r 


(3) input/output characteristics for standard pin — 2 
(Vcc = 5V + 10%, GND = OV, Ta = —20 to +75°C, if not specified.) 


Item Symbol 


Input “High” Vv D4 — Dys, R1 
Voltage 1H R2, Rao, Rat 
Input “Low” Vv Dg — Dys, R1 
Voltage IL R2, Rao, Rat 


Output “High’’ 


7 = 
Voltage OH —IOH = 3mA 
RO — R2 —!IOH = 2mA 
—IOH = 0.8mA 
Input/Output 
Leakage lip Vin =O to Vcc 
Current 


(Note 1) Output buffer current are excluded. 


Test Conditions 


—IOH = 15mA 
—lIOH = 10mA 
—lIOH = 4mA 





.) 


0.7Vcc 


< 
oO 
i 


< 
2) 
ft 


0.3Vee Vv 
ee 
Te D 


Value 


< 


1.0 
0 


1 


< < 
oO Oo 
aKa 
Ww N 
oO oO 


< 
OQ 
fi 
N 
>) 
<< 
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(4) AC Characteristics (Vcc = 5V + 10%, GND = OV, Ta = —20 to +75 C, if not ee 


Test f Value 
seh ee eae sorcoces OE BR e a gelasie aes 


Instruction Cycle Time | divide-by-8 | divide-by-8 8 
ere a cRESESEZ 
External Clock ‘‘High” 
Level Width a osc, divide-by-8 


External Clock ‘‘Low” 
Level Width Set 


External Clock Rise Time | tcp, | O 








External Clock Fall Time tops 


INTo “High” Level Width tion | 
INTo “Low” Level Width 


INT: “High” Level Width | tH 


INT: “Low” Level Width 
RESET “High” Level Width tASTH aESET 


Input Capacitance . 


RESET Fall Time 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at “Power-on”, or after RESET 
input level goes to ‘‘High’’ by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than tpRc to obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic filter oscillator, please ask a crystal oscillator maker’s or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray Capacity. 





Crystal oscillator Ceramic filter oscillator 





GND 
Crystal: 8.388608MHz NC-18(Nihon Denpa Kogyo) Ceramic filter: CSA8.00MT (Murata) 
Rf = 1MQ +20% Rf = 1MQ+20% [ 
C, =C, = 10pF + 20% C, =C, = 30pF + 20% 
(Note 2) (Note 3) 







“OH, 1H 


osc, 





tCPr (CPF 


(Note 4) 







0.8Vc¢ 


RESET §—0.2Vo, 
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(5) Serial Interface Timing Characteristics . 
(Vec = 5V + 10%, GND = OV, Ta = —20 to +75°C, if not specified.) 


* At Transfer Clock Output 
t 


alue 
Conditions [min [tye [max | ont | See 
Transfer Clock Cycle Time | tseve a (Note 2) ee 1,2 
Transfer Clock “‘High”’ 


a -_ expats aa Oe 
Transfer Clock Rise Time 7 =e Note2) | - | - | i 
sere fe] fees | fe pe 
Seal ligation Sean tin’ [tnt] Ste ee 
Serial Input Data Hold Time 


Item 





* At Transfer Clock Input: 





Item Note 

Transfer Clock Cycle Time 1 
Transfer Clock ‘‘High” 1 
Level Width 

Transfer Clock ‘‘Low” , 
Level Width 

Transfer Clock Rise Time 1 
Transfer Clock Fall Time 1 


Serial Output Data 
wi eee 
Serial Input DataHold Time [wwe | St | 180 , 


(Note 1) Timing Diagram of Serial Interface 






SCK Vec —2. OV(O.7Vcc * 
0.8V(0.2Vcc) * 


"Vcc — 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8Vcc and 0.2 Vcc are the threshold voitage for transfer clock input. 


(Note 2) Timing Load Circuit 


Vec 
Ru =2.6ky 
Test 
Point 
Cc R 182074 
30pF 12k«) or Equiv. 
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10.6 Programming the On-Chip Programmable ROM 


The HD4074008's on-chip PROM is programmed in PROM mode. PROM mode is set 
by bringing TEST, Mo» and Mj, low, and RESET high as shown in Fig. 10-7. 

In PROM mode the MCU does not operate. It can be programmed like a standard 
27256 EPROM using a standard PROM programmer and a 64-to-28-pin socket 


adapter. Table 10-2 lists recommeded PROM programmers and socket adapters. 


Since an instruction of the HMCS400 series consists of 10 bits, the 
HMCS400 series microcomputer incorporate conversion circuit to use general 


perpose PROM programmer. By this circuit, an instruction is read or programmed 





using 2 addresses, lower 5 bits and upper 5 bits as shown in Fig. 10-8. For 
example, if 8k words of on-chip PROM is programmed by general purpose PROM 
‘programmer, 16k bytes of addresses ($0000-$3FFF) should be specified. 


Precautions 





1. Addresses $0000 to $3FFF should be specified if the PROM is program- 
med by the PROM programmer. If addresses of $4000 or higher is © 
accessed, the PROM may not be programmed or verified. Note that the 
plastic package type cannot be erased and reprogrammed. Data in 
unused address should be set to SFF. (Ceramic window packages can 


be erased and reprogrammed by ultraviolet light.) 


- Be careful that the PROM programmer, socket adapter and LSI match. 
Using the wrong programmer of socket adapter may cause an over- 
voltage and damage the LSI. Make sure that the LSI is firmly fixed 


in the socket adapter, and that the socket adapter is firmly fixed 


in the programmer. 


The PROM should be programmed with Vpp=12.5V. Other PROMs use 21V. 
If 21V is applied to the HD4074008, the LSI may be permanently 
damaged. 12.5V is Intel's 27256 Vpp. 


(1) Programming and Verification 


The HD4074008 can be high-speed programmed without causing 
voltage stress or affecting data reliability. 
Fig.10-9 is a programming flowchart, and Fig. 10-10 is a timing 
chart. For precautions on PROM programming, refer to "ZTAT MCU On-Chip 


PROM Characteristics and Precautions for Applications". 
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] HD4074008 fg TEST HD4074008 


5 + 2 © Fol 
‘ ->OOOO0(|[VIO 
(Top View) 
No mark: Open (TOP View) 





Fig. 10-6 PROM Mode Pin Arrangement 


c——> Data 


Oo~ O, 


Address 


Ao~ Ais 





Fig. 10-7 PROM Mode Function Diagram 
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0 bit4 bit3 | bit2 bit! i ay JMPL Instruction 
o, Oo O , bit9 | bid . bit? | bite ; ry (Jump to RESET Routine). 
| JMPL Instruction 
Vector Address (Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT) Routine) 
" Zero-Page Subroutine . oe iperton 
(64 Words) malls A Raine) 
JMPL Instruction 
(Jump to TIMER-B Routine) 


:Pattern 
. (4096 Words) 





Program 
(8192 Words) 


Not Used 


(Note) 


ceremonies ninvcnen 
Three bits are not used. 
(Set to '"111") 


(Note) When reading this address space, "SFF" is output. 





Fig. 10-8 PROM Mode Memory Map 


(2) Erasing (Window package type) 


The PROMs on HD4074008's in ceramic "window'' packages can be erased 
by ultra violet light. All erased bits become ones. 

Erasing conditions are: ultraviolet (UV) light with wavelength 2537A 
with a minimum irradiation of 15W S/cm. These conditions are satisfied 
by exposing the LSI to a 12,000 uW/cm UV source for 15-20 minutes, at 
a distance of 1 inch. 


For window-type packages, refer to '"Window-Type Package Precautions". 


Table 10-1 Mode Selection 


Programming Data input 
Verify Data output 


Programming | High | High | Vpp High impedance 
inhibited | 
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Table 10-2 PROM Programmer and Socket Adapter 


PROM Programmer Socket Adapter 


Maker Type name 


DATA 1/0 29A Hitachi HS408ESS11H 
298 
AVAL Corp | PKW-1000 Hitachi HS408ESS21H 
PKW-7000 


START 


SET PROG./VERIFY MODE 
Vee=12.5+0.3V, Vec=6.0+0.25V 


Address=0 


Program tew = 1ms+5% 
Address+ 1—Address —__ 


Program topw =3n ms 


LAST 
Address? 


YES 


SET READ MODE 
Vcc=5.0+0.5V Vee =Vcc+0.6V 


~ READ 
All Address 


GO 
C END) 





Fig. 10-9 High Speed Programming Flowchart 
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(3) Programming electrical characteristics 


DC Characteristics (Vcc=6V £0.25V, Vpp=12.5V +0.3V, Vsgg=O0V,. Ta=25°C +5°C, unless otherwise noted.) 


Item oe eee Symbol 


Input High Voltage 09-07, Ag-A14 once V 


Input Low Voltage 09-97,Ag-A14 O 


Output High Voltage — 0g-07 =e wie ae y 
Output Low Voltage 00-07 _ a eee y 
Input Leakage Current 09-07,A9~A14 OE,CE pi eS uA 


AC Characteristics (Voc=6V +0.25V, Vpp=12.5V +0.3V, Ta=25°C +5°C, unless otherwise noted.) 


Item | [-syabei [test condition [ ain [tye [ max | vnit 
Pe 


Address Set-up Time = tas 


alla 
nN 
ho 
< 
i?) 
2) 
+ 
Oo 
bo 








OE Set-up Time tors eae i oe us 
Data Set-up Time DS a ie eae US 
Address Hold Time taH ra ae us 
Data Hold Time tDH eo re ae us 


Output Disable Delay Time D 


Vpp Set-up Time tyes 


rt. 


ot ct 
3 


Program Pulse Width P 


CE Pulse Width when Overprogramming toPw 


= 


pases [| 7a.15 ms 


. Vec Set-up Time tvcs 





Data Output Delay Time toE 
Input pulse level 0.8 - 2.2V 


Input rising/falling time < 20ns 


Timing reference level input: 1.0V, 2.0V 
output: 0.8V, 2.0V 


Program 


Data ao — ae ot Out |__ | 


7 james 


Address 





Fig. 10-10 PROM Programming/Verify Timing 
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10.7 ZTAT MCU On-Chip PROM Characteristics and Precautions for Applications 
(1) Principles of Programming/Erasing 


The HD4074008's memory cells are the same as an EPROM's. Therefore 
they are programmed by applying high voltage to control gates and drains, 
which injects hot electrons into the floating gate (Fig. 10-11). The 
condensed electrons in the floating gate are stable, surrounded by an 
energy barrier of Si09 film. Such a cell becomes a 0 bit due to the 
memory threshold voltage change. A cell with no condensed electrons at 


its floating gate appears as a l bit. 


The electron charge in memory cells may decrease as time goes by. 





This can be caused by: 


@ Ultraviolet light, discharged by photo-emitting electrons 
(erasure principle) 

Q) Heat, discharged by thermal emitting electrons 

G) High voltage, discharged by a high electric field at the control 


gate or drain 


If the oxide film covering a floating gate is defective, the 
erasure rate is great. Normally, electron erasure does not occur, 


because such defective devices are found and removed during testing. 


Control gate Control gate 
Sid? Si02 
Floating gate Floating gate 
Drain Source 


Programming ("0") Erasing ("1") 





Fig. 10-11 Cross-Section of EPROM Memory Cell 
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(2) Programming Precautions 


The PROM memory cells should be programmed under specific voltage 
and timing conditions. The higher the program voltage and the longer 
the program pulse is applied, the more electrons will be injected into 
the floating gate. However , if an overvoltage is applied to Vpp> the 
p-n junction may be permanently damaged. Pay particular attention to 
PROM programmer overshot. Negative voltage noise will cause a parasitic 


transistor effect, which may reduce breakdown voltage. 


The HD4074008 is connected electrically to the PROM programmer 


through a socket adapter. Therefore, pay attention to the following: 


1. Confirm that the socket adapter is firmly fixed on the PROM 
programmer. 
2. Do not touch the socket adapter or the LSI during programming. 


Mis-programming can be caused by poor contacts. 


(3) HD4074008 Reliability After Programming 
Generally, semiconductors are reliable except for initial failures. 
To avoid failures, screening can be performed. Screening at high 
temperature removes PROM memory cells with data hold failures in a 
short time. This is done to the ZTAT's in the wafer stage, so ZTAT 
data hold characteristics are high. Exposing the LSI to 150°C after 
user programming can effectively up grade these characteristics. 


Fig. 10-12 shows the recommended screening flow. 


Programming/Verification 


Exposure in high temperature 
without applying any power 


+8 Hr* 
° + ° 
150°C +10°C, 48Hr “3 


Confirmation of reading 
Vcc=4.5V or 5.5V 


* Exposing time is the time after 
the temperature in fireplace 
reaches 150°C 












Fig. 10-12 Recommended Screening Flow 


Note: If programming errors occur continuously during programming with 
one PROM programmer, stop programming and check the PROM program- 
mer or socket adapter. If trouble occurs in verification after 
programming, or after exposure to high temperatures, please 


inform a Hitachi engineer. 
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(4) Window-Type Package Precautions 


@ Glass Erasure Window 

If the glass window comes in contact with plastic or anything 
with a static charge, the LSI may malfunction due to the electro- 
static charge on the surface of the window. If this occurs, 
exposing the LSI to ultraviolet light for a few minutes neutralizes 
the charge, and restores the LSI to normal operation. However, 
charge stored in the floating gate decreases at the same time, so 
reprogramming is recommended. 

Electrostatic charge buildup on the window is a fundamental cause 


of malfunctions. Measures for its prevention are the same as those 





for preventing electrostatic breakdown: 


Operators should be grounded when handling equipment. 

Do not rub the glass window with plastics. 

Be careful of coolant sprays, which may contain a few ions. 
The ultraviolet shading label (which includes conductive 


material) effectively neutralizes charge. 


@) Ultraviolet Shading Label 
If the LSI is exposed to fluorescent light or sunlight, its 
memory contents may be erased by the small quantity of ultraviolet 
light in these sources. In strong light, the MCU may fail under 
the influence of photocurrent. To prevent these problems, it is 
recommended that the device be used with an ultraviolet shading 


label covering the erasure window after programming. 


Special labels are sold for this purpose. They contain metal 
to absorb ultraviolet light. When choosing a label, note the 


following: 


Adhesion (mechanical intensity) - Re-use and dust reduce 
adhesion. Peeling off a label may cause static electricity. 
Therefore, erasing and rewriting is recommended after peeling. 
Sticking a new label over the old one is better than replacing 


a label. 


Allowable temperature range - The allowable environmental 
temperature range of the label should be noted. If it is used 
under conditions outside this range, the paste may stiffen or 
adhere to the label, causing paste to remain on’ the window when 


the label is removed. 
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‘Moisture resistance - The allowable moisture range and 
environmental conditions of the label should be noted. It is 
difficult to find a shade label applicable to all conditions. 
The proper label should be selected depending on the intended 


use of the MCU. 
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11. EPROM ON PACKAGE TYPE SINGLE CHIP MICROCOMPUTER HD614P080S/HD614P0160S 
11.1 Overview 
The HD614P080S is a 4-bit single chip microcomputer which can mount a 
standard EPROM 2764/27128 as program memory, and a standard EPROM 27256 for the 
HD614P0160S. 


The HD614P080S/HD614P0160S is pin-compatible with the mask ROM type 
HMCS402C/AC/CL, HMCS404C/AC/CL, HMCS408C/AC/CL and has the same functions 
except for the range of power-supply voltage, ROM/RAM capacity, mask 
option, and package. By modifying the program in the EPROM, they can be 
used for the evaluation or small scale production of the HMCS402C/AC/CL, 
HMCS404C/AC/CL, HMCS408C/AC/CL. 


(1) Hardware Features 
e 4-bit Architecture 


@ Capacity of Program Memory(ROM) and EPROM 


4096 words x 10 bits..... HN482764, HN27C64 } 
HD 
8192 words x 10 bits..... HN4827128 Ohne 
16384 words x 10 bits..... HN27256 } HD614P0160s 
e Data Memory (RAM) Capacity...... 576 digits x 4 bits 
e 58 I/O Pins..... 26 I/O pins are high voltage (max. 40V) 


e 2 Timer/Counters 

ll-bit Prescaler 

8-bit Free Running Counter 

8-bit Auto-reload Timer/Event Counter 
e Clocked Synchronous 8-bit Serial Interface 
e 5 Interrupt sources 

External Zz 

Timer /Counter 2 


Serial Interface [ 


e Subroutine Stack 
Up to 16 levels including interrupts 
e Minimum Instruction Cycle Time; 1.29 us 
e 2 Low Power Dissipation Modes 
Standby - Stops instruction execution while keeping clock generator and 
interrupt functions. 
Stop - Stops instruction execution and clock generation while retaining 
RAM data 
@e Clock Generator 
External Connection of Crystal Resonator or Ceramic 
Filter Resonator (externally drivable) 


e Power Voltage Range; 5V + 102 
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I/O Pin Circuit Type | 

All standard pins are "without pull-up MOS". 

All high voltage pins are "without pull-down MOS". 
Shrink Type 64 Pin EPROM On-package © 


(2) Software Features 


Software Compatible with HMCS402C/AC/CL, HMCS404C/AC/CL, HMCS408C/AC/CL 
Instruction Set Similar to and More Powerful than HMCS40 Series; 99 Instructions 
High Programming Efficiency with 10-bit ROM/Word; 79 instructions are single- 
word instructions. 

Direct Branch to ROM Area 

Direct Addressing to All RAM Area 

Subroutine Nesting Up to 16 Levels Including Interrupts 

Binary and BCD Arithmetic Operation 

Powerful Logic Arithmetic Operation 

Pattern Generation - Table Look Up Capability - 

Bit Manipulation for Both RAM and 1/0 
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(3) Pin Arrangement 





(Top View) (Top View) 
HD614P080S HD614P0160S 


(4) Recommended EPROM 


Program Memory Capacity EPROM Type No. 
HN27C64-30 
HN482764-3 
4096 words 
HN27C64-25 
8192 words 


HD614P0160S 16384 words 
HN27256-25 
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(5) 


Rao/ Rai / Ra2/ 





SCKS!i SO 


Ras/Vdis pt 


r 
| 
[a ~ 










1 Rao SERIAL 


INTER- 
FACE 







R? 


Ra3Ra2/Ra / Rao/R33/R32/R3 R30 


TIMER | TIMER 


A 


SO St SCK INT, INTo 


(Note) 


(6) Package Dimensions 


@ DC-64SP 


1.778 +0.25 
(0.070 + 0.010) 
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S 
2.54 


(0.100) 


INTERRUPT CONTROL 


Block Diagram (HD614P080S/HD614P0160S ) 


R33/  R32/ 
INT: INTo 






B 





RAM 576 4bit 


(ied Kole dein ot a oe co coe oe 
1 


! Ri3Ri2R11 Rio! 


(0.020min.) 


2.54min. 7.5max. 


0.48+0.1 
(0.019 + 0.004) 


EXTERNAL 
INTERRUPT 


' 
wee ew ee 32 bee ewe ww 


“> 
-< 
0 
E 

wo 

n 

N 

° 

— 

= 

£ 
E 
=) 
5S 
to) 

— 





















~ 


A1-A 13 for the HD614P080S, A ,-Aj4 for 


RESET TEST OSC: OSC2 VecGND 











Upper 
(Sbits) | 










0.25%0. 11 


-0.05 


(0.01 070-00) 


~0.002 


On Package 


CE 


~“—-4 


* High Voltag2 Pins 


=~ al 


F iindionsdiediin tee 


EPROM 


cower] (11 °° |H482764 
(Sbits) H HN27C64 
4 HN4827128 
1 
i (No t e) 
i A: ~ Ais, Ao 
w 


ee oe 





i 




















rea 


Ao 
Control 


Unit: mm (inch) 


11.2 ROM Memory Map 


ROM memory map is illustrated in Fig. 11-1 and ROM is described in the 


following paragraphs. 


(1) Vector Address Area --- $0000 to $000F 
Locations $0000 through SOOOF are reserved for JMPL instructions to branch 
to the starting address of the initialization program and of the interrupt 
service programs. After reset of interrupt routine is serviced, the program 


is executed from the vector address. 


(2) Zero-Page Subroutine Area --- $0000 to $003F 


Locations $0000 through $O03F are reserved for subroutines. CAL instruc- 





tion allows to branch to the subroutine. 


(3) Pattern Area --- $0000 to $0FFF 
Locations $0000 through SOFFF are reserved for ROM data. P instruction 


allows referring to the ROM data as a pattern. 


(4) Program Area --- $0000 to $IFFF (HD614P080S) 
$0000 to $3FFF (HD614P0160S) 


11.3 RAM Memory Map 


The MCU includes RAM as the data area and stack area. In addition to 
these areas, interrupt control bits and special function registers are also 
mapped on the RAM memory space. RAM memory map is illustrated in Fig. 11-2 


and described in the following paragraphs. 


(1) Interrupt Control Bit Area --- $000 to $003 
This area is used for interrupt controls, and is illustrated in Fig. 11-3. 
It is accessable only by RAM bit manipulation instruction. However, the 


interrupt request flag cannot be set by software. 


(2) Special Function Registers Area --- $004 to $00B 

The Special Function Registers are the mode or data registers for the 
external interrupt, the serial interface, and the timer/counter. These 
registers are classified into three types: Write-only, Read-only, and 
Read/Write as shown in Fig. 11-2. These registers cannot be accessed by RAM 


bit manipulation instruction. 


HITACHI 337 


GW 


(3) Data Area --- $020 to $21F 

16 digits of $020 through $02F are called memory register (MR) and 
accessable by LAMR and XMRA instructions. The configuration is shown in 
Fig. 11-4. | 


(4) Stack Area --- $3C0 to $3FF 

Locations $3CO through $3FF are reserved for LIFO stacks to save the 
contents of the program counter (PC), status (ST) and carry (CA) when 
interruption is serviced. This area can be used as 16 nesting level stack 
which one level requires 4 digits. A save condition is shown in Fig. 11-4. 
The program counter is restored by RIN and RTNI instructions. Status and 


Carry are restored only by RTNI instruction. The area, not used for stacking, 


is available as a data area. 


EPROM ADDRESS MCU ROM ADDRESS 


Hlo 0 Og RNS neg tg nD lower S bit | a JMPL instruction 
tht 0 oO ie) i i i i upper 5 bit (Jump to RESET Routine) 
JMPL Instruction 
Vector Address (Jump to INTo Routine) 
JMPL Instruction 
(Jump to INT; Routine) 
Zero-Page Subroutine rei ae . 
(64 Words) p to -A Routine) 
JMPL Instruction 


(Jump to TIMER-8 Routine) 


Pattern 
(4096 Words} 


Program 
(8192 Words) 


NOT USED 
(Set to ‘‘000’’) 


: HD614P080S 





Fig. 11-1 ROM Memory Map 


38H 


a 
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EPROM ADDRESS MCU ROM ADDRESS 


0 (9) bits bit3 bit bit! bitO | lower 5 bit $0000 JMPL instruction 
ie) () bit9 . bit8 | bit? | bit6 . bitS | UPPer 5 bit (Jump to RESET Routine) 
. JMPL Instruction 
Vector Address (Jump to INTo Routine) 
$OO00F JMPL Instruction 
$0010 (Jump to INT; Routine) 


Zero-Page Subroutine JMPL Instruction 

(64 Words) (Jump to TIMER-A Routine) 
JMPL instruction 
(Jump to TIMER-B Routine) 


(4096 Words) JMPL Instruction 
(Jump to SERIAL Routine) 


Program 
(16384 Words) 


a eed 
NOT USED 
(Set to ‘111'’) 


HD614P0160S 


Fig. 11-1 ROM Memory Map 


$000 


2 i 1 
RAN mapped Register? Interrupt Control Bits #00 
: $002 


$003 


Memory Registers(MR) 4] Port Mode Reg. (PMR); W $004 


5 | Serial Mode Reg. (SMR)! W | $005 
6] Seriat Data Reg. Lower (SRL) ; $006 
7 | Seriat Data Reg. Upper (SRU) | RAW | $007 
8| Timer Mode Reg. A (TMA)! W_ {$008 
(512 Digits) 9 | Timer Mode Reg. 8 (TMB)! W_ | $009 
10 * (TCBL/TLAL) | RAV | $OOA 
TIMER-8 
(TCBU/TLRU) | RAW | $008 


Not Used 
Not Used 
Stack 


(64 Digits) 


* Two registers are mapped on same address. 


Rs: Read Only 
W  : Write Only Timer/Event Counter B Lower (TCBL) | Timer Load Reg. Lower (TLRL) Sow | 
R/W : Read/Write 

es Timer Load Reg. Upper (TLRU) ce 


Timer/Event Counter B Upper (TCBU) 


Fig. 11-2 RAM Memory Map (HD614P080S/HD614P0160S ) 
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IMO IFO _ RSP LYE 
‘ (IM of INT) ) (IF of INTo) © (Reset SP Bit) (Interrupt Enable Flag) 
» 3. IMTA IFTA IM1 IF 1 
(IM of TIMER-A) (IF of TIMER-A) (IM of INT,) (IF of INT,) 
| IMTB IFTB 
Not U 


3 oo IMS IFS 
Not U t 
jeunes? a: son URES (IM of SERIAL) (IF of SERIAL) 


Interrupt Request Flag 

Interrupt Mask 

Interrupt Enable Flag 

Stack Pointer 

Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 
instruction, It is not affected by other instructions, Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when ‘‘RSP” bit and "Not Used”’ bit is tested. 





Fig. 11-3 Configuration of Interrupt Control Bit Area 







Memory Registers Stack Area 
$020 °° sie 
$ 021 Level 15 | 
$ 022 
$ 023 
$ 024 
$ 025 
$ 026 
$ 027 bit3 bit2 bit 
$ 028 
$ 029. ILevel 7. 
$ 02A 
$ 028 
$ 02C 
$ 02D 
$ 02E 
$ O2F 1023| Level 1] ¢ 3FF 





PC13 toPCo ; Program Counter 
ST; Status 
CA; Carry 


Fig. 11-4 Configuration of Memory Register, Stack Area and Stack Position 
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11.4 Precautions on using EPROM on Package Type Microcomputer 


Since the HD614P080S/HD614P0160S has a special structure with pin sockets 
installed on the surface of the package, the following should be noted when 


using it. 


(1) Do not apply an electrostatic voltage or surge voltage more than the 


maximum ratings to the pin socket pins. This may destroy the LSI permanently. 


(2) When installing this LSI in system products in the same way as the mask ROM 
4-bit single chip microcomputer, observe the following in order to maintain 


good ohmic contact between EPROM pins and pin sockets. 


(a) When soldering the LSI on a printed circuit board, keep pin conditions 





under 250°C within 10 seconds. If these conditions are exceeded, the 
solder fixing the pin sockets may melt and the pins may fall out. 

(b) Keep out detergent or coater from the pin sockets during flux removal 
or board coating. Flux or coater may decrease pin socket contactivity. 

(c) Avoid permanent use of this LSI in places with excessive vibration. 

(d) Since repeated insertion/removal of EPROMs may decrease pin sockets' 
contactivity, it is recommended to use new ones for your system 


products. 


11.5 Absolute Maximum Ratings 


Item Symbol Value 
Supply Voltage —0.3 to +7.0 


Unit Note 








—0.3 to Voc +0.3 3 
Pin Voltage 
Vec —45 to Vcc +0.3 4 
Total Allowance of Input Currents 50 mA 5 
Total Allowance of Output Currents 150 6 
Maximum Input Current oO | lg 15 7,8 
oe 7 
Maximum Output Current ee ee 
= Operating Temperature —20 to +75 
te Storage Temperatu re —55 to +125 


(Note1) | Permanent damage may occur if “Absolute Maximum Ratings’’of the LSI or the EPROM are exceeded. Normal operation should be 
under the conditions of ‘‘Electrical Characteristics’. If these conditions are exceeded, it may cause the malfunction and affect the 
reliability of LS}. 

(Note 2) All voltages are with respect to GND. 

(Note 3) Applied to standard pins. 

(Note 4) Applied to high voltage 1/O pins. 

(Note 5) Total allowance of input current is the total sum of input current which flow in from all |/O pins to GND simultaneously. 

(Note 6) Total allowance of output current is the total sum of the output current which flow out from Vcc to all 1/0 pins simultaneously. 

(Note 7) Maximum input current is the maximum amount of input current from each 1/O pin to GND. 

(Note 8) Applied to Dp — D; and R3— R8. : 

(Note 9) Maximum output current is the maximum amount of output current from Vcc to each I/O pin. 

(Note 10) Applied to Do ~ D3 and R3 — R8. 

(Note 11) Applied to RO— R2. 

(Note 12) Applied to 0, — D,;. 
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11.6 HD614P080S/HD614P0160S Electrical Characteristics 
(1) DC Characteristics 
(Vcc=4.5V to 5.5V, GND=OV, Ta=-20 to +75°C, if not specified.) 


Value 
[Smeal | PinName | _min | typ | max | 


RESET, SCK, 
OHM eee eae tes 


|0.7Vec | = [Vcct0.3 | V__ 


Input ‘’High”’ 


Voltage 


Ey 
” 
g 
< 
Q 
oO 
t 
jo] 
4 
< 
Qa 
Oo 
+ 
(=) 
Ww 
<| 


Input “Low” 
Voltage 


Output ‘’High’’ 
Voltage 


Output ‘’Low” 
Voltage 





Input/Output 


Leakage Current Vin = OV to Vcc 






Crystal or 
Ceramic 
Filter 
Respnator 
foss = 4MHz 





Current 
Dissipation in lec Voc | Voc = 5V 
Operation Mode 





2,5 























Crystal or 
Ceramic 
Filter 
Resonator 
fose = 4MHz 


Crystal or 
Ceramic 


Maximum 
Logic 

Operation 
Vcc = 5V 


3 
> 


3,5 











Isay1 | Vcc 
Current 
Dissipation in 
Standby Mode 





3 















Minimum 
Logic 








Ispy2 | Vec . Filter 
ae Resonator 
ce fose = 4MHIz 
Current Vin (TEST) = Vcc 
Dissipation in Vcc ~ Vec-0.3V LA 
Stop Mode Vin (RESET) =0 ~ 0.3V 





Stop Mode 


(Note 1) Output buffer current are excluded, 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; © Reset state in Operation Mode 
Pin state; @ RESET, TEST — Vcc voltage 
eD.-D;, R3—RY — Veg voltage 
@D,.-D0:;, RO—- R2, R no Rai _ Vcc to|Vcc-40V 
(Note 3) The timer/counter with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
® Input/Output; Reset state 
@ TIMER-A; +2 prescaler divide ratio 
® TIMER-B; +2 prescaler divide ratio 
® SERIAL; Stop 
Pin state; ® RESET — GND voltage 
© TEST — Vor voltage 
®Do~D3, R3—RY9 — Vee voltage 
®Ds—-Ois, RO-R2, Rag, Ray — Vcc to, Vcc-40V 
(Note 4) The timer/counter ‘with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; ® Standby Mode 
® Input/Output; Reset state 
® TIMER-A; +2048 prescaler divide ratio 
© TIMER-B; +2048 prescaler divide ratio 
® SERIAL; Stop 
Pin state; ® RESET — GND voltage 
e TEST — Vec voltage 
®D.~-D3, R3~ RY — Vo voltage 
®D.—~Dis, RO- R2, R ao. Ray ~ VectoVcc-40V 
(Note 5) The consumption of current in operation and standby mode is proportional to fog. When fosc =x [MHz], 
the value of each current is calculated as follows. 





max. value (foge = x) or x max. value (foge = 4 [MHz] ). 
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(2) Input/output characteristics for standard pin 
(Vcc=4.5V to 5.5V, GND=OV, Ta=-20 to +75°C, if not specified. ) 


Item [Symbol | PinName Test Conditions Unit | Note 
vor | Mm [Ramnsino || 87Me0 | =| Mecvoa |v 
Vato eee pomet er eat 
Vato” | vox [Ra-ns | toursoma [| -[ - | ow J v 
Veco Covent | Nel Raa | Vmrov-ver |= = ft dam 
(Note 1) Output buffer current are excluded. 


(3) Input/output characteristics for high voltage pin 
(Vcc=4.5V to 5.5V, GND=0V, Ta=-20 to +75°C, if not specified. ) 


Value 
Item Symbol! Test Conditions ae a Note 
boat Bll a 
Input “‘High’”’ Da — Dis, R1 
Input ‘’Low”’ or — Dis, R1 
re 1 


Output ‘’High”’ 


Voltage Vox ere | eee 
Output “‘Low”’ Ds — — Dis 





Input/Output 
Leakage 
Current 





(Note 1) Output buffer current are excluded. 
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(4) AC characteristics 
(Vec=4.5V to 5.5V, GND=OV, Ta=-20 to +75°C, if not specified. ) 


Tex ‘nee 


divide-by-8 
fs dlivide- by- 8, 1.29 | 


teye 


tag OSC,,OSC, jdivide-by- 8} 04 | 
teye_ | Cs dividde- -by- a 


tee tate 3 
| | MHz 


item Symbol 


Oscillation Frequency tone | OSC,, OSC, 


| Instruction Cycle Time 


Oscillator Stabilization 
Time 








Crystal 
Resonator 











Oscillation Frequency 





Instruction Cycle Time 


Oscillator Stabilization 
Time 







Ceramic Filter 
Resonator 










External Clock “High” 

=~ 
oO External Clock ‘‘Low” | 
c Level Width tcp. OSC, divide- by- 8 2 
[Extra lek Fa Tine [tn | "086, eS =a A rs 
TINT “High” Level Width | tion | INTs ee 
INTo “Low” Level Width to. | INTe tye | 3 
INT: “High” Level Width pti | INT: teve 3 
INT: ‘“‘Low” Level Width INT: i aes el teye 3 
RESET “High” Level Width RESET | ae tee 4 
Reset Fall Time _—— Po - | - [ 20 {[ ms | 4 





(Note 1) Oscillator stabilization time is the time unti! the oscillator stabilizes after Voc reaches 4.5V at “Power-on”, or after RESET input 
level goes “High” by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input 
more than tac to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. 
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 








(Note 2) 
1/tcp 
OSC, 
tCPr tcpf 
Crystal: 6.0 [MHz] (Note 3) 
NC-18C (Nihon Denpa Kogyo) 
Re 1 [MQ] + 2%, C, = C, = 20 [pF] + 20% 
(Note 4) 





Ceramic filter: CSA6.00 MG (Murata) 
Re = 1 (MQ) + 2%, C, = C, = 30 [pF] + 20% 
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(5) Serial interface timing characteristics 
(Vec=4.5V to 5.5V, GND=OV, Ta=-20 to +75°C, if not specified. ) 


* At Transfer Clock Output 


= Symbol | Pin Name _| Conditions [min [tye [max 
Transfer Clock Cycle Time tseyc SCK (Note 2) Sea ee eS 1,2 
Transfer Clock ‘’High’”’ ae 
Transfer Clock “Low” ee 
Transfer Clock Rise Time tsckr SCK (Note2) | - | — | 100 | ns | 1,2 
Transfer Clock Fall Time tscKt SCK (Note 2) fo = | = | 100 | ns | 1,2 
Serial Output Data 
Serial Input Data Set-up Time tssi a ee eee 





* At Transfer Clock Input, 


, 


(op): 
ro)! 


=e ns Conditions [“min | typ _max_| 
Transfer Clock “High” t SCK ts 1 
Level Width SCKH cyc 
Transfer Clock ‘‘Low” ae 
Transfer Clock Rise Time tsckr SCK eee ee eee 1 
Transfer Clock Fal! Time tscxt SCK | = [ = | 100 [| ns | 
Serial Output Data 
Serial Input Data Hold Time [tus | St [iso [= 


(Note 1) Timing Diagram of Serial Interface 








SCK Vee —2.0V(0.7 Vcc} * 
0.8V(0.22Vcc) * 


Vec —2.0V 
0.8V 


tssi tHs! 
SI ( 0.7Vcc X 
0.22Vcc 


* Vcc-2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 


so 





(Note 2) Timing Load Circuit 


Vec 
Ry =2.6kQ 
Test 
Point 
C R 182074®@ 


30pF 12kQ 7 OF Equiv. 
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(6) Characteristics Curve (Reference data) 


lec (mA) 


isey1, Ispv2(mMA) 


lot min. (mA) 


PEE 
LUNE 





fosc( MHz) 


loc VS. fos, characteristic 
(crystal, ceramic resonator) 





fosc(MHz) 


Ispy VS. fog, characteristics 
(crystal, ceramic resonator) 















Vcc=5.5 


LLL LINN EET 
€ 


HEH ES 
LTE ERED 





ULEPASN EEE 





2 
VoL(V) 
lo, min. vs. Vo_ characteristics 
(Standard Pin) 
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Isev1, Ispv2(mA) 


—lOH min. (mA) 


Vee(V) 


loc vs. Voc characteristic 
(crystal, ceramic resonator) 





Vec(V) 


Ispy vs. Vcc characteristics 
(crystal, ceramic resonator) 


ta=-20~ 7c | [| | | | 
Fae eee De 
EG eos es) eee 
Ba Ca ee OB 
eee 


pa 










3 
Vec—Vou(V) 
—loH min. vs. (Vec—VopH) characteristics 
(D4 — Dis pins) 


—IQH min. (mA) 





Vcc-VoH(V) 
—lon min. vs. (Voc—Von) characteristics 
(RO — R2 pins) 
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12, EPROM ON PACKAGE TYPE MICROCOMPUTER HD614P180/HD40P4181 


12.1 


Overview 


The HD614P180/HD40P4181 are 4 bit single-chip microcomputer which can 


mount a standard EPROM 2764/27128 for program memory. 


The HD614P180/HD40P4181 are pin compatible with the mask ROM type 


HMCS412C/CL/AC and HMCS414C/CL/AC, and have the same function as them 


except power supply voltage range, ROM capacity, RAM capacity, mask 


option, and package. By modifying the program in the EPROM, the 
HD614P180/HD40P4181 can be used for the evaluation of the HMCS412C/ 
CL/AC and HMCS414C/CL/AC or for small-scale production. 


(1) Hardware features 


O 


oO 


4—bit Architecture 
Application to 4k, 8k words <x 10 bits of EPROM 


4096 words < 10 bits ..... HN482764, HN27C64 
8192 words x 10 bits ..... HN4827128 
Data Memory (RAM) Capacity ...... 576 digits <x 4 bits (HD614P180) 


992 digits <x 4 bits (HD40P4181) 
36 1/0 Pins - 24 I/O pins are high voltage up to 40V (max). 
Timer/Counter - | 
li-bit Prescaler 
8-bit Auto-reload Timer/Event Counter 
3 Interrupts 
External 2 
Timer/Counter 1 
Subroutine Stack 
Up to 16 levels including interrupts 
Minimum Instruction Execution Time; 1.29 us (HD614P180), 0.89 us (HD40P4181) 
2 Low Power Modes 
Standby - Stops instruction execution while keeping clock generator 
and interrupt functions included Timer/Counter and Serial 
Interface in operation 
Stop - Stops instruction execution and clock generation while 
retaining RAM data 
Clock Generator 
External Connection of Crystal Resonator or Ceramic 
Filter Resonator (externally drivable) 


Power Voltage Range; 5V + 10% 
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o I/O Pin Circuit Form 

All standard pins are "without pull-up MOS". 

All high voltage pins are "without pull-down MOS". 
o Shrink Type 42 Pin EPROM On-package 


(2) Software features 

o Software Compatibel with HMCS412/414 

o Instruction Set Similar to and More Powerful than HMCS40 Series; 
98 Instructions 

o High Programming Efficiency with 10-bit ROM/Word; 78 instructions are 
single word instructions. 


o Direct Branch to All ROM Area 





o Direct or Indirect Addressing to All RAM Area 

o Subroutine Nesting Up to 16 Levels Including Interrupts 
o Binary and BCD Arithmetic Operation 

o Powerful Logic Arithmetic Operation 

o Pattern Generation - Table Look Up Capability - 

o Bit Manipulation for Both RAM and I/0 


(3) Pin arrangement (Top View) 


Dia 


Roo 
Ro 
Roz 
Ros 
Rio 
Ri 
Ri2 


Ri3 
R20 
Rai 
R22 
R23 
R30 
R31 
R32/INTo 
R33/INT; 
Vec 
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(4) Recommended applicable EPROM 


Type No. Program Memory Capacity 


4096 words 
8192 words 


fogc (MHz) EPROM Type No. 
' HN27C64-30 
HN482764-3 
HN27C64G-25 
~HN482764 








HD614P180 
HD40P4181 






HN4827128-45 
HN4827128-25 | 





(5) Package dimension 
unit: mm (inch) 


(2.079) 


€ 
E 
o 
aq 
° 
12 


(001079 004) 

(0.100+0.010) 0 002 
50.8 
(2.000) 
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(6) Block diagrams 


R33/ -R32/ 
TNT, INTo 


has 






EXTERNAL 


INTERRUPT 





INTERRUPT CONTROL 


RAM 576 4bit 


fe ae wr ee ae we we we oe 


HD614P180 


Rox/ Ra2/ 
iNT: INTo 


=f 
=> 


EXTERNAL 


INTERRUPT 


INTERRUPT CONTROL 


RAM 992 x 4bit 





goeneee 5 
Pas/Vdiser —> 
bewweone @ 


¢ 
t 
{RaaRaaRa1 A 2¢ ArsRieAn Rroj 


weve sewweand 


RasPe2ReiReo R39/R32/R3 Ar0 
INT.INTo 


HD40P4181 








RESET TEST OSC: OSC, VecGND 


| | On-package 
SYSTEM CONTROL 


Upper ' 
(Sbits) 
Er] Oo~ On 









EPROM 


HN482764 
HN27C64 
HN4827128 






2 esi eas aay ae a oa ae 


Ai~Ai13 Ao 


ssa ene aS YEE | 


Ao 
Control 


we wow eee ee ee 


roc 


ara | ° 
1. __ High voltage 


RESET TEST OSC, OSC2 VecGNO 
| | On-package 


SYSTEM CONTROL 








Upper 
(Sbits) ! 
Ci Oo~ Oa 












EPROM 


HN482764 
HN27C64 
HN4827128 








Sal oo ae "aoe a ae oes as a Ne el 





Ai—Ais Ao 


—---9¢---4 


Ao 
Control 


ees eccrrrvcrTry “ey Fe 
Ro Roz Ror Roo! | D14D130120110 100s DaD7De Ds D.iDs D2 D: Do 
rs) 


wane ew we wea we @ @ we we ww ew we ow oe 


ae ee 


oa High voltage 


Lene 
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12.2 ROM Memory Map 


ROM is described in the following paragraphs and ROM Memory Map is 
illustrated in Fig. 12-1. 


(1) Vector Address Area --- $0000 to $000F 


Locations $0000 through $000F are reserved for JMPL instructions to 
branch to the starting address of the initialization program and of 
the interrupt service programs. After reset of interrupt routine is 


serviced, the program is executed from the vector address. 
(2) Zero-Page Subroutine Area --- $0000 to $003F 


Locations $0000 through $003F are reserved for subroutines. CAL 


instruction allows to branch to the subroutine. 
(3) Pattern Area --- $0000 to $OFFF 


Locations $0000 through SOFFF are reserved for ROM data. P instruc- 


tion allows referring to the ROM data as a pattern. 


(4) Program Area --- $000 to $1FFF 


12.3 RAM Memory Map 


The HD614P180 dive luaes 576 digits <x 4 bits RAM as the data area and 
stack area. Also, the HD40P4181 includes 992 digits x 4 bits RAM. In 
addition to these areas, interrupt control bits and special function 
registers are also mapped on the RAM memory space. RAM memory map is 


illustrated in Fig. 12-2 and described in the following paragraphs. 
(1) Interrupt Control Bit Area --- $000 to $003 


This area is used for interrupt controls, and is illustrated in 
Fig. 12-3. It is accessable only by RAM bit manipulation instruction. 
However, the interrupt request flag cannot be set by software. RSP 


bit is only used to reset the stack Pointer. 
(2) Special Function Registers Area --- $004 to $00B 


The Special Function Registers are the mode or data registers for 


the external interrupt, the serial interface, and the timer/counter. 
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These registers are classified into three types: Write-only, Read-only, 
and Read/Write as shown in Fig. 12-2. These registers cannot be 


accessed by RAM bit manipulation instruction. 


(3) Data Area --- $020 to $21F [HD614P180] 
$020 to $3BF [HD40P4181 ] 


16 digits of $020 through $02F are called memory register (MR) and 
accessable by LAMR and XMRA instructions. The configuration is shown 
in Fig. 12-4. 


(4) Stack Area --- $3C0O to $3FF 


Locations $3C0O through $3FF are reserved for LIFO stacks to save 
the contents of the program counter (PC), status (ST) and carry (CA) 
when interruption is serviced. This area can be used as 16 nesting 
level stack which one level requires 4 digits. A save condition is 
shown in Fig. 12-4. The program counter is restored by RTN and RINI 
instructions. Status and Carry are restored only by RINI instruction. 


The area, not used for stacking, is available as a data area. 


EPROM? FLA MCU ROM Address 


bitd bits bit bit 1 bitO Lower 5 bit $ JMPL Instruction 
9 5 Upper 5 bit Roce (Jump to RESET Routine) 
JMPL Instruction 
Vector Address (Jump to INTo Routine) 
JMPL instruction 
(Jump to INT, Routine) 


Zero-Page Subroutine 
(64 Words) 


Pattern 
(4096 Words) 


Program 
(8192 Words) 


Not used 
(Set to 111") 


Fig. 12-1 ROM Memory Map 
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ie) $000 
RAM-mapped Registers Interrupt Control Bits $001 

31 $002 
32 $003 
Memory Registers(MR) $004 

5A SRC een ee et EOE See $005 
48 $006 
7, Not Used = «$007 

[NOt Used = «| $008 

(512 Digits) + Timer Mode Reg. 8 (TMB): W 1$009 

, . Py (TCBL TLAL): R.WISOOA 

543 (TCBU, TLRU) ; R'W | $O0B 


544 $00Cc 


Not Used 


959 
960 


Stack SOiF 
(64 Digits) 


1023 


* Two registers are mapped on same address. 


Timer /Event Counter 8 Lower (TCBL) es Timer Load Reg. Lower (TLAL) pw 


R : Read Only 
Ws: Write Only 



















R/W : Read/Write $O0A 
Timer/Event Counter 8 Upper (TCBU) Ea Timer Load Reg. Upper (TLRU) pow | $008 
HD614P180 
0 $000 
RANE Map Pen Regeles Interrupt Control Bits $001 
31 $002 
af 7 | $003 
Memory Registers(MR) $004 
4? s{ Nt Used i $008 
se 6] Not Used | $006 
| 7[___Not Used______——_+| $007 
gi Noted = $008 
$009 
) 
(928 Digits) (TCBL TLAL): R/W | SOOA 
(TCBU/TLRU) ; R/W | $008 
$00C 
959 
960 
Stack SOF 
(64 Digits} 
: 1023 
_» Two registers are mapped on same address. 
R : Read Only 
WwW : Write Only Timer/Event Counter B Lower (TCBL) ae Timer Load Reg. Lower (TLAL) pw $O0A 
R/W : Read/Write 
Timer /Event Counter B Upper (TCBU) par Timer Load Reg. Upper (TLRU) | ow | $008 





HD40P4181 


Fig. 11-2 RAM Memory Map 
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IMO IFO RSP YE 
(IM of INT) (IF of INT,) (Reset SP Bit) (interrupt Enable Flag) 
IM1 IF 1 
Not Used Not Used (IM of iNT.) (IF of INT.) 
IMTB IFTB 


| Neruma | worse |] Not uses | Not Une 


iF > Interrupt Request Flag (Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD 

re ls oie Fag instruction, is reset by REM/REMD instruction and is tested 

SP Stack Pointer by TM/TMD instruction. Itis not affected by other instructions. 
Furthermore, Interrupt Request Flag is not affected by SEM/ 
SEMD instruction. The content of Status becomes invaid 
when “Not Used” bit is tested. 





Fig. 12-3 Configuration of Interrupt Control Bit Area 


Memory Registers Stack Area 
020 
021 Level 15 
022 Level 14 
023 Level 13 
024 Level 12 
025 Level 11 
026 Level 10 
027 Level 9 bit3 bit2 bit1 
028 Level 8 
029 Level 7 
02A Level 6 
028 Level 5 
02C Level 4 
020 Level 3 
$ O2E Level 2 


$ 02F 1023] Level 1} ¢ 3rF 


HAAARAARH HHH AHH AA H 


PC13~PCo; Program Counter 
ST;Status 
CA;Carry 





Fig. 12-4 Configuration of Memory Register, Stack Area 
and Stack Position 
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12.4 Precautions on using EPROM on Package Type Microcomputer 


Since the HD614P180S/HD40P4181 has a special structure with pin sockets 
installed on the surface of the package, the following should be noted 


when using it. 


(1) Do not apply an electrostatic voltage or surge voltage more than the 
maximum ratings to the pin socket pins. This may destroy the LSI 


permanently. 


(2) When installing this LSI in system products in the same way as the mask 
ROM 4-bit single chip microcomputer, observe the following in order to 


maintain good ohmic contact between EPROM pins and pin sockets. 


(a) When soldering the LSI on a printed circuit board, keep pin 
conditions under 250°C within 10 seconds. If these conditions 
are exceeded, the solder fixing the pin sockets may melt and the 


pins may fall out. 


(b) Keep out detergent or coater from the pin sockets during flux 
removal or board coating. Flux or coater may decrease pin socket 


contactivity. 
(c) Avoid permanent use of this LSI in places with excessive vibration. 


(d) Since repeated insertion/removal of EPROMs may decrease pin sockets' 
contactivity, it is recommended to use new ones for your system 


products. 
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12.5 Absolute Maximum Ratings 


Supply Volane [Veo] as 
See eees a 
Veo a8 w Veo 05 [vt 
Total Allowance of Input Currents ee 5 
Total Allowance of Output Currents | -Zlo | 1800 ml 6 
Maxima Input Current HL ale cee RR eT Oa 
Po 4m 8 10 
Maximum Output Current a ee ee 9,11 
~*~ ere 12 

ania Tamera ite leew ye 

Stone Temperature sk Ls 


(Note 1) Permanent damage may occur if ‘‘Absolute Maximum Ratings” are exceeded. Normal operation should be under the conditions of 
“Electrical Characteristics”. If these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 

(Note 2) Aj! voltages are with respect to GND. 

(Note 3) Applied to standard pins. 

(Note 4) Applied to high voltage pins. 

(Note 5) Total allowance of input current is the total sum of input current which flow in from all 1/O pins to GND simultaneously. 
(Note6) Total allowance of output current is the total sum of the output current which flow out from Vcc to all 1/0 pins simultaneously. 
(Note 7) Maximum input current is the maximum amount of input current from each |/O pin to GND. 

(Note 8) Applied to D, — Ds andR3, R4 

(Note 9) Maximum output current is the maximum amount of output current from Vcc to each 1/0 pin. 

(Note 10) Applied to D, —Ds; and R3, R4. 
‘(Note 11) Apptied to RO — R2. 

(Note 12) Applied to D.-—D,, 
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12.6. HD614P180 Electrical Characteristics | 
(1) DC Characteristics (Vcc = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified.) 


Item Symbol Pin Name Test Conditions Note 
3 | | min | tye] max 
alia 
Input “High” Vin Ce a eee 


Voltage ane | Voc-0.5 | 5 | Vect0.3 | 3 
Ca ET, 
‘ | 0.22V v 


Input/Output ! L| 
Leakage Current 







Current ; Vec=5V 
Dissipation in lee - - 
Active Mode fosc = 4MHz, divide-by-8 


Maximum 
Logic 
Operation 
Vcc = 5V 
fosc = 4MHz, divide- -by-8 
Minimum 
Logic 
Operation 

Veco = 5V 

fosc = 4MHz, divide-by-8 








~ 
Current 
Dissipation in 
Standby Mode 
ISBY2 Vcc 
Vin (TEST) = Vee-0.3V to Voc 


Current 

Dissipation in I stop Vec 

Stop Mode Vin (RESET) = OV to 0.3V 
Stop Mode 


(Note 1) Output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state: © Reset state in Operation Mode 
Pin state; ® RESET, TEST ... Voc voltage 
© Do ~D3;, R3~R4 ... Veg voltage 
. 0D.~D,,, RO~R2, Rai.. .Vec ~Vcc-40V 
(Note 3) The timer/counter with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; @ Input/Output; Reset state 
(Note 4) The timer/counter with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; © Standby Mode 
@ Input/Output; Reset state 
e TIMER-B;+ 2048 prescaler divide ratio 
Pin state; @ RESET ... GND voltage 
e@ TEST ... Vcc voltage 
e D,~D;, R3~Ré4 ... Vcc voltage 
@ 0,~D,,, RO~R2, Ray ... Voc ~ Voc—40V 


(Note 5) When fogc=x [MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows: 















max. value (fogc=X [MHz] =z x max. value (fogo74[MHz] ) 
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(2) input/output characteristics for standard pin 


(Vec = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified.) 


Item 


Input “High” 
Voltage 
Input ‘‘Low”’ 
Voltage 


Output “Low” 


Voltage 
Input/Output 


Leakage Current 


Symbol! 


Test Conditions Unit Note 
one ie ee 

Do ~ D3, 
oe 
Do ~ D3, -0.3 0.22Vec Vv 
R3~ R4 
Do ~ Ds, 

~ D ; 
oa | wrweve | - [-[ + |» 


(Note 1) Output buffer current are excluded. 


(3) Input/output characteristics for high voltage pin 
(Vec = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified.) 


Item 


Input “High” 
Voltage 


Input ““Low”’ 
Voltage 


Output “High” 
Voltage 


Output “Low” 
Voltage 
Input/Output 
Leakage 
Current 


ae ee 


Value 


[| %ee |= | vectoa]v 


[=fon= tema «| Veosoy - | - |v” 
a ee 
 aeiawa | Neen 


| You | ~ Di, 150kQ. to Veg -40V | Voe-37 | -37 pv 
RO ~ R2 | Veo-37 
Ca =F mange 


Test Conditions 


Da bard Dia, R1 
R2, Rai 


Dag ~ Dig, R1 
R2, Ray 


~ Dig 





oe R2, Vin = Vec-40V to Vec 


(Note 1) Output buffer current are excluded. 
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(4) AC characteristics (Vec = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified.) 


= sous Panne Conditions ree ie 


Oscillation Frequency oe OSC,, OSC, | divided-by-8 Fos | a | 45 | 


Instruction Cycle Time te | | divided- by-8 1.78 Pap 


Oscillator Stabilization 
Time ae , ——— 


a osc, [ada spat : 
ei bosons Ah came 


External Clock Rise Time 


__INTo “High” Level Width | tion _ 2 | = | tee | 
INTo “Low” Level Width trot aa 2 pp ae 


INT; “Low” Levelwiath | wn | NTT | 
RESET “High” Level Width RESET 


Input Capacitance all pins 


RESET Fall Time |tasts | | 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Voc reaches 4.5V at ‘‘Power-on’’, or after RESET 
input level goes to “High” by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than tm to obtain the necessary time for oscillator stabilization. When using crystal 
or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization 
time depends on the circuit constant and stray capacity. ! 





Blwlw] wlolrmiro] wo 





Crystal oscillator Ceramic filter oscillator 


Ci 







Crystalea Ry 








C2 
GND 
Crystal: 4.194304MHz NC-18C (Nihon Denpa Kogyo) Ceramic filter: CSA4.00MG (Murata) 
Re; IM2+ 2% R¢: IMQit 2% 
C, : 22pF + 20% C; : 30pF + 20% 
C, : 22pF + 20% C, : 30pF + 20% 
(Note 2) (Note 3) 
INT,INT, 
OSC, 
tCPr (CPt 
(Note 4) 
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Issy1, Isav2(mA) 


lou min. (mA) 


(5) Characteristics curve (reference data) 


Ta=—20~+75€ 
Vec=5V 





fosc( MHz) 


loc VS. fos characteristic 
(crystal, ceramic resonator) 


Ta=—20~+75 
Vece=5V 





fosc( MHz) 


Ispy VS. fose characteristics 
(crystal, ceramic resonator) 


et ee ae 













| 
OQ 
Ne 
NS 
AN 


tf 


—lOH min. (mA) 


ELLEN TE TT 


TTT TA 
ETE 


Vot(v) 
lot min. vs. Vo, characteristics 
(Standard Pin) 


2.0 


—_ 
ao 


Issy1, Issy2(mA) 


ad 
iS 


Ta=-20~+75°C 
fosc =4MHz 
ISBY1 
max. 
ro. et tee IsBY2 


a" 
RO 


© 
0 








Ta=—-20~+757C 
fosc =4MHz 


pow 2 3 4 5 6 


Vec(V) 


loc vs. Voc characteristic 
(crystal, ceramic resonator) 










1 2 3 4 5 6 
Vec(V) 


Ispy vs. Vcc characteristics 
(crystal, ceramic resonator) 


te=-2o~s7erc {| | | | | 
Peale ie eae os) 
eee 


Be a 
lO a 


30 








Vec—Vou(V) 
—lon min. vs. (Veco—VoxH) characteristics 
(D, a Dia pins) 
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pet 







—lOH min. (mA) 


Bay am 
AL 
Fi 


eeu 
—lon min. vs. (Voc—VonH) characteristics 
(RO ~ R2 pins) 





362 HITACHI 


12.7 HD40P4181 Electrical Characteristics 
(1) DC characteristics (Vcc = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified.) 


Value 
Item Symbol 3. 2 a Test Conditions a fel Unit | Note 


ae 


Vattage 56 peel fas 


se 
Voltage 


See Be fee el 
= ee ee 
= re IES 
se [=[=  femears| Pf fe 


Stop Mode 


(Note 1) Output aces current are etaess 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; @ Reset state in Operation Mode 
Pin state; e RESET, TEST ... Vcc voltage 
eD, — D,,R3 — R4... Voc voltage 
eD, —D,,, RO — R2, Ray, ... Voc — Vec—40V 
(Note 3) The timer/counter with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; @ Input/Output; Reset state 
(Note 4) The consumption of current in operation and standby mode is proportion to fosc. 
When fosc = x (MHz), the value of each ale is calculated as follows. 


max. value (foge =X) ™ 5 * X max. value (fog¢ = 8[MHz]). 
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(2) Input/output characteristics for standard pin 
(Vcc = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified. ) 


. Value : 
Item Symbol Test Conditions Lata aes Unit Note 


Input “Hi h” Do —Dz, . 
me [ow [Rew [femme coal 


Input “Low” Do = aes 
Output “Low” Do — D3, ss 
es ac ae ace 


Voltage 


Input /Output —~D3, 
Leakage Current Tiel aoe R4 n=0V—Vcc 


(Note 1) Output buffer current are excluded. 








(3) Input/output Giarectetivties for high voltage pin 
(Vcc = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified. ) 


Value 
Item Symbol Test Conditions pValue Unit | Note 
one Medan en ala ero 


Input “High” Dg — Dig, R1 
Voltage R2, Ray 0.7VccC Vcct0.3 
Input ““Low” D, — Dyq4, R1 - 

R2,RAj Vcc—40 0.3VCC 


Voltage 
| —IQH = 15mA aa 0 


Voltage —IOH = 3mA a sj 
RO — R2 ~!OH = 2mA a cen 
Hon = 08m, [Weo=¥0 | = | 
Output ’’Low” Dy — Di, = 

Voltage pad RO — R2, 150k2 to Vcc 40V Pe he 
Input/Output — Dy af 

Leakage Current Hie RO — R2,RA1 Vec—40V to Vcc 


(Note 1) Output buffer current are excluded. 





~ 


—_ 


P= 
; 
w 
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(4) AC characteristics (Vcc = 4.5V to 5.5V, GND = OV, Ta = —20 to +75°C, if not specified.) 


























Item Symbol Test 
Conditions | min | 
Oscillation Frequency OSC,,OSC, | divided-by-8 | 04 | 8 | 9 | MHz 
Oscillator Stabilization Time tRc OSC,, OSC, PE = | 20 Toms 1 
External Clock “High” ae a eee eee 
External Clock ‘‘Low”’ od 
= woo] [= [= [= | 3 
. f = 1IMHz 
Input Capacitance C; F 
= ~ [am [eee | -[- [| 


(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at “Power-on”, or after RESET input level 
goes to “High” by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering from stop mode, apply 
RESET input more than tRc¢ to obtain the necessary time for oscillator stabilization. When using crystal or ceramic filter oscillator, please 
ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on the circuit constant and 
stray capacity. 


Ceramic filter oscillator 


Crystal oscillator 





GND 


Ceramic filter: CSA8.0OMT (Murata) 
Re : MQ + 20% 
C, : 30pF + 20% 
C, : 30pF + 20% 


Crystal : 8.388608MHz NC-18 (Nihon Denpa Kogyo) 
Ry : 1MQ + 20% 
C, : 10pF + 20% 
: 10pF + 20% 


2° 


(Note 2) (Note 3} 





tcpt 


(Note 4) 
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13. PROGRAM DEVELOPMENT PROCEDURE AND SUPPORT SYSTEM 


13.1 Overview 


The cross assembler and hardware simulator using various types of computers 
are prepared by the company as supporting systems to develop user's programs. 
User's programs are mask programmed into ROM and delivered as an LSI by 
Hitachi. 

Fig. 13-1 shows the typical program design procedure and Table 13-1 shows 


system development support tools for the HMCS400 series used in this process. 


CRT Editor 


Allocation of 
x : 
SS} 
pn ® 
@ 


Source Tape 


Assemble 
List Assemble Cross Assembler 


QA Object Program 
Re SO 
simu 
Simulation Emulator 


HGOOCMIX2 


EPROM on package 
type microcomputer 
HD614P080S 


HD614P0160S 


HD614P180 
HD40P4181 

EPROM in package 
yes type microcomputer 


Mass . HD4074008 
Production 





Fig. 13-1 Program Design Procedure 


(Description) 


Q) When the user programs the system for the HMCS400 series microcomputer, 
functional assignment of each I/O pin and allocation of RAM area in 
accordance with the design system must be specified before actual 


programming. 


(2) A flowchart is prepared to implement the functions and is coded by using 


the HMCS400 series' mnemonic codes. 
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G) Write a source program using the text editor and save it on a floppy disk. 
G) Assemble and debug the source program and generate an object program. 


G) Verify the program through hardware emulation with an emulator, H68SD5/5A, 
H680SD200 or EPROM on package type microcomputer. 


(6) Forward the completed program to Hitachi in the form of an EPROM. Send 


also "Single-chip microcomputer order specification" and "Mask option list" 


at this time. 


@ ROM and mask option are masked by Hitachi. The LSI is tentatively produced 
and the sample given to the user. If the user does not detect any 


programming programs, mass production can be started. 
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Table 13-1 System Development Support Tool 


Hardware System 





HMCS402C/404C/408C HMCS412C/414C 
HMCS402AC/404AC/408AC | HMCS412AC/414AC 
HMCS402CL/404CL/408CL | HMCS412CL/414CL 


Emulator (Note 1) H400CMIX2 © 
HS408EML02H 
HS408EMX22H 


EPROM on-package (Note 2) HD614P080S HD614P180 
type microcomputer | HD614P0160S HD40P4181 


EPRON in-package (Note 3) HD4074008 
type microcomputer 


(Note 1) Use the emulator with connecting to the H68SD5/5A or H680SD200. 





Can be used in stand-alone. 


(Note 2) Specifications of power supply and mask option are not applicable. 
(Note 3) Specifications of power supply and mask option are not applicable 


for the HD4074008. 


Software 


H68SD5/5A S400XAS3F (FDOSIII/IV) (Note 2) S68EML1-F (Note 2) 
H680SD200 S400XAS6M (CP/M-68k) (Note 3) | S680EMLIF (Note 3) 


INTELLEC® SERIES II S4OOMDSIF (for ISIS-II®) se 


MODEL 220/230 S4OOMDS2F (for CP/M-80®) 
(Note 1) 


(Note 1) ISIS-II® is a registered trademark of Intell. 































CP/M-68k and CP/M® are registered trademarks of Digital Research. 
(Note 2) This is included in the H400CMIX2. 
(Note 3) This is included in the HS408EMX22H. 
(Note 4) Overseas makers sell it. 


‘(Note 5) Sophia Systems Corp. sell it. 
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13.2 Development System 


13.2.1 H68SD5A Development System 


The H68SD5A is a development system capable of developing system programs 
for the Hitachi 4-bit and 8-bit single-chip microcomputers. It offers 
high-level functions such as CRT display operations, assembler (based on 
floppy disk), and debugging with emulator. Software and hardware configura- 


tions are shown in Fig. 13-2, 13-3, respectively. 





Features 


o Basic systems such as a CRT display, keyboard, and floppy disk drivers are 


provided at a moderate price. 


o Easy to debug hardware and software by emulator (option) suited for each 


kind of MCU. 


o The J68SD5A can perform system development through a CRT editor, assembler, 


linkage editor, emulator, and EPROM writer (Note 1). 


o System configuration corresponding to the purpose of development is provided 
by easy connection of 1/0 devices such as a printer (parallel interface), 
a console typewriter (serial interface), and an EPROM writer. Serial 
interface of the H68SD5A is completely provided with 3 circuits (1 circuit 
for H68SD5). 


o Allows program development of other products by exchanging emulator software. 


Note 1) Use the following EPROM writers available on the market. 
AVAL CORPORATION; PKW-7000, PKW-1000 
DATA 1/0 ; 29K, 298 


HITACHI 369 


CRT editor 


Standard 


Monitor 


Linkage editor 


mM Expanded 


configuration "configuration 


Main module 


Controller 


*1: Option 
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Fig. 13-2 H68SD5 Software Configuration 


Floppy disk 
driver 
controller 


I/O interface 


Emulator 
interface 


*2: User system 


Fig. 13-3 H68SD5 Hardware Configuration 





Console 
typewriter *2 


Feel 
EPROM writer 


(AVAL Corp.) 
(DATA 1/0) 


vchuca.* > 
reserve #1 





13.2.2 Development System H680SD200 


The H680SD200 is a desk top type development support tool devoted to design 
and develop application systems (4-bit, 8-bit, 16-bit micon system) which 
make use of the 16-bit microprocessor HD68000. Its front view is shown in 
Fig. 13-4. 
The H680SD200 consists of a CRT, two floppy disk drivers, and control 
sections in one body. The hardware configuration is shown in Fig. 13-5. 
The H680SD200 incorporates parallel interface (equivalent to CENTRONICS') 
and serial interface for EPROM writer. The emulator for the HMCS404, HD6301X, 
—HD6301Y, and ASE for the real time emulator 68000, and ASE for the 64180 
can be connected to the H680SD200. Refer to Fig. 13-7 and 13-8. 





Software configuration is shown in Fig. 13-6. Assembler, C compiler, and 
CRT editor operate under the operating system CP/M-68K®, and FORTRAN, super 
PL/H (option) are provided as high level language compiler for the HD68000. 

Features of the H680SD200 are listed below. 

(1) General operating system CP/M-68K is applied. 

(2) CRT editor which can edit on CRT display is equipped. 

(3) 2M bytes of memory can be used by double sided floppy disk driver. 
(4) C language, high level language for 68000 is equipped. 


(5) High level language super PL/H and FORTRAN can be used for 68000 program 


development. 


(6) Real time emulator 68000ASE for 68000(12.5MHz max) and ASE for 64180 can 
be used. (Option) 


(7) Printer interface (equivalent to CENTRONICS') and EPROM writer interface 
(equivalent to RS-232C) are provided to make printer-EPROM writer connection 
easy. Model PKW-7000/PKW-1000 (EPROM writer of AVAL CORPORATION) and 
Series 22, Model 29A (DATA I/O) can be connected. (Option) 


(8) Additional equipment of serial I/O board can supports emulator interface 


to 4-bit or 8-bit device and VAX-11 interface. (Option) 
be (9) Assembler super PL/H is supported as 68000 symbolic debugger. (Option) 


(10) High speed operation can be realized using RAM disk. 


CP/M-68K® is a registered trade mark of Digital. Research. 
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Interface to VAX-11- of DEC Emulator interface 


peste SS) te) aoe peter 






256k Bytes 
dynamic 
memory 
module 


CRT 
control 
module 













Keyboard 


SD200 system bus 


MPU FHC 

module module 
td =, | fs 
--O- Swot SS Le ee 





Fig. 13-4 Front View of H680SD200 


68000ASE 





EPROM 





Printer ; . 
[ interface weer Haro<diss 
interface equipment 
Standard Extended 
configu-~ configu- 
Hation ration * Select 256k bytes or 2M bytes 


Fig. 13-5 Hardware Configuration 
of H680SD200 


pom tr re a err rrr me rrr er ee rer ere eee ee 


| CP/M-68K 
CP/M-68K resident module 


RES See —_— ep ee ee ee ew ee em cee ewe oa ae am ow 


Assemb | Lj ji } CRT 
ler ; editor 


r 
! 
! 
i 
{ 
! 
| 
! 
I 
! 
1 
| 
| 
i 
' 
I 
i 
' 


aa 


Standard Expanded 
configuration configuration 





Fig. 13-6 Software Configuration of H680SD200 


Cross macro E Macro assembler/ Cross 
mulator ‘ 
a d- 

Soe her macro assembler High 


level language compiler 
(16 bits) S-PL/H, FORTRAN 





Fig. 13-7 Emulator for 4-bit/8-bit Fig. 13-8 ASE for 8-bit/16-bit Multichip 
Singlechip 
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13.3 Emulator 


This emulator is a completely integrated hardware and software development 
system for Hitachi's 4-bit singlechip microcomputer HMCS400 series. It 


supports the following devices. 


HMCS402C/CL/AC, HMCS404C/CL/AC, HMCS408C/CL/AC 
HMCS412C/CL/AC, HMCS414C/CL/AC 
HMCS424C/CL/AC, HMCS428C/CL/AC 


The emulator develops application system by connecting to a host computer 


or console. It provides three system configurations depending on the 





host computer or console. 


o H400CMIX2 for H68SD5 or H68SD5A 
o HS408EMX22H for H680SD200 
o HS408EMLO2H for the host computers or consoles except for above. 





13.3.1 Features 


o Designed to aid in development of software and hardware when connected 


with the user system. 


o Can be connected with host system (H68SD5/5A, H680SD200, IBM-PC, etc.) 


CRT console, and console typewriter. 


o Takes in and displays the result of the user program execution in real 


time up to 2,048 cycles. 


o Provides eight external probes, which observe user system. operations with 


real-time trace, useful as breakpoint conditions. 
o Provides HELP function to display all commands used in the emulator. 


o Can debug with the specified frequency. 
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o Break function 
- Enables to set four breakpoints by any combination of program counter, 
instruction word, interrupt processing execution and external prove 
state. | 
~ Enables to execute continuously machine cycles 0 to 2000 after the above © 


breakpoint (trigger point). 


o Line assembler and disassembler 
- Can display and/or change the user object program in mnemonics. 
- Displays the user object program in the specified address in mnemonics. 


o Displays the address (in the user object program) of detected instruction. 
o Displays the execution time. 

o Displays the trace data for program testing. 

o Displays and/or changes MCU register, I/O ports and memory contents. 


o Program can be executed on RAM or EPROM based. | 


The H400CMIX2 (for H68SD5/5A)/ HS408EMX22H (for H680SD200)/ HS408EMLO2H 
(for other host systems) emulator supports software and hardware when connected 
with the HMCS400, 410, 420 series 4-bit Microcomputer Unit (MCU). 

Normal development procedure is; 

(1) make or change the user system, 

(2) translate to user object program by 400 assembler on host system, 

(3) download user object program through the serial interface, 

(4) set the breakpoints at any conditions, 

(5) execute real-time or single-step emulation from the specified address, 

(6) display and/or change user object program in mnemonics, MCU internal 

registers, I/O ports and internal RAMs, 

(7) repeat steps (4) to (6) and upload to host system for debugging at 

next time. 

The emulator itself works as the object MCU. The emulator is controlled 


by host system, CRT console, or console typewriter. 


BREAKPOINT FUNCTION 


H400CMIX2/HS408EMX22H/HS408EMLO2H allow the user to set four break 
conditions (TR, BRl to BR3) in the user program. Each break condition 
consists of PC (Program Counter) or AB (Address Bus), DB (Data Bus), 
Interrupt an eight external probe signals. When one of break condition is 
detected, the emulator stops the user program, and displays the next PC, next 
instruction, execution time, MCU register and I/O contents and internal RAM 
contents. TR, one of break conditions, stops the user program after 


proceeding the machine cycles designated by COUNT if break condition matches. 


374 HITACHI 


REAL-TIME TRACE 


H400CM1X2/HS408EMX22H/HS408EMLO2H can display execution results of up to 
2047 machine cycles. They have two display types, one is to display by the 
instruction unit, the other one is to display by the machine cycle unit. The 
former one displays only program counter and instruction mnemonics, the latter 
displays address bus, data bus, interrupt occurrence and eight external probes 


in each machine cycle. 


DISPLAY /CHANGE IN MNEMONICS 


H400CMIX2/HS408EMX22H/HS408EMLO2H have two display and/or change commands. 


One is I command which is executed in hexadecimal, the other is A command which 





is executed in mnemonics. Command A is very useful for debugging. And 
H400CMIX2 /H408EMX22H/HS408EMLO2H display in mnemonic instruction. They are 
disassemble and display the object program in the specified address with DA 


command. 


DEBUG WITH A SPECIFIED FREQUENCY 


H400CMIX2/HS408EMX22H/HS408EMLO2H allow some frequency. The frequency is 
expressed as the clock cycle in user's manual; the cycles should be lus, 
1.33us, 2us, 3us, 4us, 5us, 7us, 1lOus, 20us. They won't allow other frequency 
than the above. They select EXT by F command and input the specified 
frequency to OSC pin. 


COVERAGE TRACE 


Coverage trace marks the passed address into coverage memory. Coverage 
function is effective to know which address will be tested. This coverage 
memory can't be cleared by "G" or "S' command but can be cleared by CO RES 
command. When starting the test of the user program, clear the coverage 
memory. For the next step, test the user program with G or S command. G or 
S command execution marks the passed address into coverage memory. Check the 


passed address and continue the test until all specified addresses were passed. 


EXECUTION ON USER SYSTEM POWER SUPPLY 


H400CMIX2 /HS408EMX22H/HS408EMLO 2H emulate on 3V to 5V. Since H400CMIX2/ 
HS408EMX22H/HS408EMLO2H themselves work 5V + 5%, connect Vcc to 
power supply for emulator. However, since evaluation chip works on user 
system power supply (3V to 5V), connect Vus to user system Vcc 
and Vdisp to power supply for display (0 to -35V). 
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Host . . 
computer es a cn eR 





; ; i 
Main module Correspondence of ; Evaluation 
module 





' User 
| system 


Break — —_ Real Se. | 
1 time 
contro tracer ' 







section 








User 
interface 
, ,;cable 
---!| Coverage 
~4( tracer 
0 - - UU \ 
External probes 
en eee ae ee ee H400CMIX2 : 


Hardware Configuration of the Emulator 


13.3.2 System Configuration 


(A) Connected with $D5/SD5A/SD200/IBM-PC/the other HOST 













p ee 


if 

a H400CM1X2/HS408EMX22H User's System 
| fl /HS4O8EMLO2H 

(B) Connected with Console typewriter (TTL level) or CRT console 


(RS-232C level) 





we . 
e 27 ( 


Table 13-2 Connectable Console Typewriter 


Sharpwriter model 300* 
Protyper model 7652 


| *HITACHL Specification 
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13.3.3 Emulator commands 


COMMAND DESCRIPTION 


A Displays and modify object program in mnemonics 


TR 
Sets, displays and cancels breakpoints and trigger point 
BR1 to 3 
C 


Compares object program 


Coverage tester 














co 


















x | Pisassenbier 





I Displays and modifies object program in hexadecimal 


1 [teats object progress 
5 


Displays and modifies register. 


ID Dumps object program. 
10 Displays and modifies I/O ports 


Single-step trace of user program. 


Transfers object program. 
Sets and displays EPROM/user RAM. 


| Verifies object program : 


URVAWONCHAWGWCI GEE 
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13. 3.4 Host connection configulation 


Gi eae 


OS:FDOS-III/IV ® RS-232C Interface | Included SD5/5A = 


in H400CMIX2 | SIGNAL | SIGNAL | 
14 















H400CMIX2 © 






Interface Program 


S68EML1-F 











eee 






Cross Assembler 


S400XAS 3F 







H68SD5/5A 
(HITACHI ) 










Format converter | Provided by 


HITACHI 








for 
H68SD5/5A++H680SD200 
S68CNV1-F 
-RS-232C Interface 
Cable 











OS:CP/M-68K 
HS408EMX22H 


Included 






in 


HS 408EMX2 2H 


















Q) Interface Program 
S680EMLI1F - 






Same as above 






Cross Assembler 
S400XAS6F 


SIO Board 
H680SI01S 


H680SD200 
(HITACHI) 










Included in 


H680SD 200 
















IBM-PC ses, 


} SIGNAL | | SIGNAL fro no SIGNAL 
1; et 


~0S:PC-DOS Modify it 


HS 40 8EMLO2H 


RS-232C Interface 
Cable 












according 








to the right 











ee 


ae 


Interface Program 


S31IEM1-F 


Provided by 
HI TEC-UK/ 
DESC 


to 





IBM-PC 
(IBM) 











400 Cross Provided by 
HITEC-AS / 


DESC 





Assembler for 


IBM-PC 400PASI1F 









4m OD NO S&S 





53/5 FUTAGFIH 


Beenie 






@) RS-232C Interface 
Cable(1) 

Q) RS-232C Interface 
Cable (2) 


@) 400 Cross 
Assembler for 


VAX-11 S400VAS1F 


OS:CP/M C1) RS-232C Interface 
HS408EMLO 2H Cable 


IN-III 
(SOPHIA) 


Assembler 


CP/M S400MDS2F 


OS:CP/M, |() RS-232C Interface 
ISIS-II 
HS408EMLO2H Gaps 


(3) 400 Cross 
Assembler 


CP/M S400MDS2F 


@® 400 Cross 
Assembler 


ISIS-II S400MDS1F 


HS4O8EMLO2H 0S:CP/M |() 400 Cross 
HP~64000 Assembler for 
HP-64000 YS-1005xS* 


EML 


HP-64000 
(HP) 


* Under development 


Included in | SW | sw Box | EMULATOR 
HS4O8EMLO2H | SIGNAL Ba Ee 


Connecting GND 1 
table is 2 2 
rB0. . : 
Provided by L 4 
MSI HE : 
Provided by | 7 7 
HITACHI ree 8 
cles 





2| SEND 


Modify it IN-III 


according | SIGNAL | | SIGNAL |no| 
to the right 






me 
ro 
q@ 
ra 
i) 


Provided by 
SOPHIA 


WON 
Lo 


oO ON WH 
“SN uw 


ae 
Ww 
fa 
Qa 
te 
H 
<4 
tz 


Provided by 
HITACHI 


Connecting 
table is 
TBD. 


Provided by 
HITACHI 


Provided by 
YHP 
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13.3.5 Specifications 


“MODULE ITEM SPECIFICATIONS 
| }Mpu | HD6303X Microcomputer Unit 


Interface level: RS-232C level 
| TTL level 
Baud rates: 300,1200,4800, 

9600 ,19200,BPS 
(Using HD6850P ACIA) 




























User 
Program 
execution 


Programs are executed from 
optional address on the MCU. 













Break at breakpoint 
(breakpoints--max. 4 places) 
* Break after executing the 

one instruction at a single step 
* Break with ABORT key or switch 
Break at trap 







User 
program 
break 











Main 


Module . 
Trace memory size: 


. 2048 machine cycle's worth 
trace information. 
Trace information: 
. Program Counter (PC) 
. Instruction Address (AB) 
. Instruction Data (DB) 
. Interrupt Occurrence 
External Probes---8. 
Display Contents: 
. Trace information, op-codes 
and operands listed above 
are displayed in mnemonic. 















Real-time 
trace 

















If an op-code error occurs while executing 
a user program, address of the next 
instruction is displayed. 


Width: 365mm Length: 275mm 
(14.4 in.) (10.8 in.) 


















Module 
dimensions 








MODULE ITEM SPECIFICATIONS 
Evaluation chip: HD614088 


array 
1.33 

Glock cycle Asli, S's." 103. 208 Ge. Exeerwal 

EPROM User program debugging area: 

sockets 16kW (10 bit x 16k) 


























Evalua- Pulley 
tion cee Pull-up resistors (47k) or pull-down resistors 
Module she ee (200k2) are mounted at all ports. 







Power MOS : 
For high voltage ports (2SJ76 x 16) 

supply 

supply 

Module Width: 265mm Length: 275mm 

dimensions (10.4 in.) | (10.8 in.) 


Power 
supply Dc +5V + 52 
voltage 

Current 


Operation: 

































Main 










Modul 
oa. i Temperature 15 to 40°C 
Humidity: 30 to 85% RH (with no 
Evalua- : 
; condensation) 
baer Atmosphere: Must be no corrosive 
module P 7 





Environ- gases present. 


mental 
conditions 






Storage 


Temperature: 5 to 50°C 
30 to 90% RH (with no 
condensation) 
Atmosphere: Must be no corrosive 
gases present. 
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13.3.6 Ordering information 






HMCS402C/AC/CL, HMCS404C/AC/CL, 
HMCS408C /AC/CL, 

HMCS412C/AC/CL, HMCS414C/AC/CL, 
HMCS424C/AC/CL, HMCS428C/AC/CL 










Support Devices 





Equipment Supplied Remarks 





g 











, o 
| 
[——~—~<Emulator | Emulator boards for above devices ——s———s([itati{-[-[-[-[-|-[-[-[ 
P64 pin User System interface cable _{iftfif-f-[-[-[-|-|-|-| SS 
| [42 pin User System Interface Cable {1 TI-|-[-[-[- ee OS 
Cables | Serial 1/0 Cable (for Host system) ssf AJ 1] LI-I-[-|-|-[-|-I-| id 
Power Supply Cable for Vcc, Vus, and Vdisp |3/3/3/-|-[-[-|-[-[-[-[| 
|GND reinforcement cable sf ttt f-f-|-f-[-[-[-|-| 
fF Connector —_—‘f Serial 1/0 Connector (for console) ——{22,1]-|-|-|-[-|-|-|-| 
[Probes | External Probe for real-tine erace (a f-[-[--EE- SSS 
H4O8EMLO2HE (for Emulator) Pat oblate eiete | ee 
S68EMLIEM (for SD5/5A interface) Oe ee nn ee re ee 
S680EMLIEM (for SD200 interface) -[af-[-|ii-j-l-[-l-[-) 
S400XAS 3EM bbelSle tert siele (etal os oa et 
User's Manual [S400XAS6EM—(is—“‘“‘C*~*~*~S~SC~*W YC‘ -E--[-|-[-]-[-[ ess 
| ESAOOVASTEM 2 ee I eee... 
S400MDS1EM Hie ae Pes ee el Esl et Ena 6 gc (eae ene 
S400MDS2EM Peleelae ee Pee es es ee ee 
| S68EMLI-F (FDOS-IV on SD5/5A) ee ses cee eee hae ee 
SIOOKASS (HODES GRCSDS7SA) Peano 
S680EMLIF (CP/M-68k) Ea 
S4OOXAS6F (CP/M-68k) BEERS S32 See 
Cross Assembler 
S4OOVASLE (WKS) Fela eG ne 
Cross Assembler S400MDS1F (ISIS-I1) Eee sc ee Re wt ell 2 el Cac! 
for MDS S4OOMDS2F (CP/M) i es ct Cc] Arcs nl cl GO en (a 
Converter for 2 
So5/Sa~ sb200 | SOBONVI-F (on 805/50) Tet 
H68SD5/5A _ OS: FDOS-III/IV_— fof | | | | | tt Ty | 
H680SD200 OS: CP/M-68k BU RESE ERE See eee 
| IBM-PC OS: PC-DOS RCE R TERE S31 1EM1-—F (HITEC-UK/DESC) 
AS 4OOPASI1F (HITEC-AS/DESC) 
Your Host Computer Pret {fer [ [sw pox (MSI) SSS 
fel |-CT[-[ fet [an3evm (sopaiay SS 
MDS (INTEL) OS: CP/M PE tof TTT TT doh 
MDS (INTEL) OS: ISIS-II ROR REO eee 
HP-64000 (HP) OS: CP/M | {| fof | | | Et | £ [ts-1005xs (vHP) 


13.4 Single-chip Microcomputer ROM Ordering Procedure 


(1) Development flowchart 
Single-chip microcomputer device is developed according to the following 


flowchart after program development. 


(1) ROM code *1 
(2)Mask Option List*2 









k] Paper tape or 2 sets 
of EPROM 
















*2 Style by each product 






(3) Ordering Specifica- 
tions*3 





*3 Common style 


Computer processing 


ROM code for confirma- 
tion of ROM fabricating 
specifications*4 












*4 The same ROM code as 
delivered one. 





OK 










Send it back after 
partially approving 


(4)Confirmation of result 
*5 


Mask 








6 


Working Sample™* Normally 2 or 3 pes. 











Start the following 
flowchart after ap- 
proving 


(5)Confirmation of func- 
tion, characteristics 
*7, *8 









*8 Send them back after 
approving with 
specified form. 
















Engineering Sample*9 
Normally 9 or 10 pcs. 


Confirmation of function, 
characteristics, quality 





Commercial Sample 





(Note) Please send inQ),Q, and@) at ROM ordering, and send back @, 6) after 


approving. 
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(2) Information to be submitted 


(a) Ordering specifications; standard format for all Hitachi single-chip — 
microcomputer devices. Please enter for 
the following items. The format is shown 
on the next page. 
Basic ITEM 
Environmental Check List 
Check List of attached data 
Customer 
(b) ROM code; Include 2 sets of ROM code identical to the EPROM contents, 
with ROM code No. entered on them. A program listing 


is desirable for easy confirmation of program contents. 


(3) Change of ROM code 
Note that if you change the ROM code once sent in or other specifications, 
the ROM must be developed from the beginning. The mask charge must be 


applied again in this case. 


(4) Samples and mass production 

Working Sample; Sample for confirmation of ROM code and that of mask option. 
Normally 2 or 3 samples are sent, but not guaranteed as for 
reliability. Please evaluate and approve immediately because 
the following sample preparation and mass production are 


determined after obtaining your evaluation. 


Engineering Sample; Sample for evaluating device reliability. 10 pcs are 


included in mask charge. 
Commercial Sample; Sample for set trial production purchased with compensation. 


Mass Production; Products for actual mass production. Please enter plan of 
mass production in full. Refer to Single-chip Microcomputer 


ROM Ordering Procedure (document No. HMCS-ORD-3M) for 


details. 
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Single Chip Microcomputer 


Ordering Specifications 





(1) Basic ITEM (Please fill in blanks or enter check marks: -  ) 


[Microcomputer Fanity [SSS 
[roptication Ga) [SSS 
2 1 aS SSCS REERE SORES 


Operating Temperature OStandard OJ specification (guarantees -40°C % 
+85°C) 


i ae 


(2) Environment Check List 

















This check list is used as data of single chip microcomputer LSI's design 
reliability, but not used to control its performance assurance. Please enter 


usual environmental conditions. 


| 
Microcomputer Ambinet Temperature = 


Power ON Duration hours /day 
Max. Applied Voltage to 


power 
supply max. V 
Microcomputer 


ax. V 
(1500 fit (1000 fit 


01.02 00.652 (0.4 2% 




















Target Level of Reliability 


ee 


(3) Check List of Attached Data (Please fill in blanks or enter check marks:- ) 


ROM Code C] Attached ODelivered C)Delivery data 





Mask Option List | © Attached (Delivered () Delivery data 
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Accepted by 


* For Hitachi's use only 
LSI Type No. 

Shipping Date of ROM Fabricating 
specifications 

Approved Date of ROM Fabricating 
Specifications 














HMCS402C/AC/CL 
HMCS404C/AC /CL 
MASK OPTION LIST 


Date of Order 









5V Operation >(HMCS402C, OM HMCS404C 
High Speed Operation :()HMCS402AC, (J HMCS404AC 
:C HMCS402CL, CO) HMCS404CL 













3V Operation 








ROM Code Name 


LSI Type Number 


* Please enter check marks in (J) 
(Hitachi's entry) 


(@,x,—). 







~ ae) 
are 
O11 
ct | ct 
"|e 

@ 

* 





(1) 1/0 Option Note (1/0 options masked by are not available.) 


inpucfournve | | | | | rovatoune | | | [1 
Input/Output Se eRe Input/Output | | | pede 
Trput/ournue |_| | | | Input Output 

Tapse/owerse |_| | || 


Input/Output 


















> 








A | 
bo {bo 
m~ | 


Dy} 


> eo 


MS) 
ie) 
No 


D2 
D3 


a 
S 
tcl 
Ay 
~ 
tat 
© 
as] 
G 
0 
WJ 
2) 


Input /Outpu 
Input /Outpu 


oO 


Input /Output Input /Outpu 


Input /Output Input /Outpu 


ae a a OS 
Wo] mitre | © ] Wb 


et 


Input /Outpu 


oO 
N 


Input /Output 








i) 
uw 
(o) 


Input /Outpu Input /Outpu 


w 
nr 
=— 


Input /Outpu 


et 


Input /Outpu 


wn 


D Input /Outpu Input /Output 


Input /Output 


i] 


Input /Outpu 


| Po | 
im | 
ca 
os 
cam 
ca 
[Pe 
pes 
D12 


High Voltage Pins 


Output 








a niu 
= Wit bd 


Standard Pins 


Output 


w 
ON 
ho 


Output 


0 


oO 
ele 
& | W 

e mei eit rR 
DPIinpisis 
ig oa ic? ae it © ©] 
ej;je;acyec 
et ct ct et 
“~ PMP eS 
OoOl1o!to;!o 
ercj~e{;e¢ 
et ct ct et 
Gid lu isd 
Cc G ele 
et ct ct cr ct 


et 


Output 


rt 












Output 
Output 
Output 
Output 


~ “SPN DSN 
Ww hot re | © | Ww 


Poe | og 
~~ 





Output 





Output 
Output 
Output 


[fare | 
Times | | 







oo; © | CO} 
Wim prl © 





e 


nput /Output 


Input/Output 
Input/Output 





ei} ee 
=} 
Mo) 
4 
ct 
™™ 
(oe) 
G 
ret 
ue] 
Cc 
et 


* Please enter "0" in applicable item for I/O option selection. 
A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS 
C; CMOS (not be used as Input) 
D; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS 
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(2) Rai/Vdisp (3) Package 


Co Ra, :Without Pull-down MOS (D) () DP-64S (shrink package) 


* Please enter check marks (M,x,/) * Please enter check marks (M@, x,v) 
in applicable item. in applicable item. 














Note) Rai /Vaisp has to be selected as Vdigp pin exept the case that all High 


Pins are option D 


Divider (DIV) (5) 


ROM Code Media 


{] EPROM: Emulator Type 


(4 





Clock divide ratio 


) 
a Divided-by-8 






(] EPROM: EPROM On-Package Microcomputer 
Type 






Check List of Application 


(A) Oscillator (CPG option) 


C1) 402C/404c LJ) 402AC/404AC (] 402CL/404CL 
(5V Operation) (High Speed Operation) (3V Operation) 


i 
i [] Crystal (] Crystal C) Crystal 
O)External Clock (J External Clock LC] External Clock 












* Please enter check marks (—™, x,.) in applicable item. 
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HMCS408C/AC/CL 
MASK OPTION LIST 








5V Operation : DHMCS408C 
High Speed Operation :()HMCS408AC 
3V¥ Operation : CO HMCS408CL 





* Please enter check marks in 0 
(@,x,~—). 





(1) I/O Option Note (I/O options masked by are not available.) 





INPUT /OUTPUT 





pal alc |p| e 


Input/Output | | | | | 
Ze eee 





Input /Output ee 


R31 Input /Output 





” 
ame: 
ord 
Ry 
P| 
[as 
i 
Emr 


Input /Output 


te 
=] 
ao) 
cG 
(og 
mm 
jo) 
c 
ct 
~ 
ec 
ct 


x 


33 Input /Outpu 


Output 


EB 
oO 
— 


Di4 t R62 Output 
D15 t Output 


ea > to 
a| aw 
So 
Ww | bd 


Sree pus /Oae 
tnpue/Ouue yet Ope 
Pos] nue overue [~ oo 
[or 3 lagu ower | alee 
Pia] * fas ope | apo ost 
[Ps] 8 fnpwe ose | pu Ou 
D10 Input/Output | | R52 Input /Output 
Dil Input/Output | | R53 Input/Output 

ee oe 

patra [ 

input Output | 

Input/Output |_| 





& 
Ww 
Standard Pins 


Output 


Bg 
i 
m- | © 


Output 







wW 
“sw 
ho 


Output 





‘4A |Input/Output 
Input/Output 
Input/Output 







Output 


a 
 ~ 
wo 


Output 
Output 











Input /Output 
6 [Input /Output 


Input/Output Fao @ 
Input/Output Ral jf 


* Please enter "0" in applicable item for I/O option selection. 
A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS 
C; CMOS (not be used as Input) | 
D; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS 





~ 
: g| 8 
CO | CO} oo 
Nope? © 


rPlojypwo]wo re) 
So Nt |e Lo 
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I/O OPTION 








(2) Ra1/Vdisp | (3) Package 


Cj Ra, :Without Pull-down MOS (D) Cc) DP-64S (shrink package) 


* Please enter check marks (M,%x,/) * Please enter check marks (M™, x,V) 
in applicable item. in applicable item. 









BALIV 24,5 








Note) Ra1/Vgisp has to be selected as Vdisp pin even if one high voltage 


pin is specified as "E", 


(4) Divider (DIV) 


| ~~] pivide-by-s | pivide-by-s | 
fmmcssoac [OT 







Divide-by-16 


ROM Code Media 








[] EPROM: Emulator Type 





|] EPROM: EPROM On-Package Microcomputer 
Type 





Check List of Application 








(A) Oscillator (CPG option) 


L] HMCS408C i} HMCS408AC '_] HMCS408CL 
(5V Operation) (High Speed Operation) (3V Operation) | 
CPG []Ceramic Filter (] Ceramic Filter [] Ceramic Filter 
a (] Crystal [] Crystal [] Crystal 
[]External Clock [j External Clock C] External Clock 


* Please enter check marks (M™, x,.”) in applicable item. 
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HMCS412C/AC/CL 
HMCS414C/AC/CL 
MASK OPTION LIST 








Date of Order 








:(OHMCS412C, [HMCS414C 
:( HMCS412AC, CO) HMCS414AC 


5V Operation 





High Speed Operation 


oO;o; oI So 
~ &lwlrn ie 
Bg 


3V Operation :() HMCS412CL, ( HMCS414CL 















I/O OPTION 


pal s|c| |e | 





INPUT /OUTPUT 





PIN 















Input /Output 
D10 
D11 
D12 
D13 
D14 


Input /Output 
Input/Output 


High Voltage Pins 


Input /Output 
Input/Output 


zw 
& 
N 


Input /Output 
Output 


re 
} 


el 


Output 


—_ 





i 
_ 


Output 


- Output 





a) 
tH 
a 





a 


ropa || {IRR [at Fawr] 

ee: (occ 
Input /Outpue | | | | Ry2 | * [Input/Output | 
inpue/oweroe | || Pepa [mis] & 
Input/Output | R29 C Input /Output 

DS Input /Output Ro} 4 Input/Output 
Input /Output Ro? | Input/Output | 

D Input /Output R73 Input/Output | 
Input /Output R30 


BEEEH 
& TW] Ww fw 
mM} Olwidv |= 


7 


ROM Code Name 


* Please enter check marks in (J LSI Type Number 
(@,x,—). (Hitachi's entry) 
(1) 1/0 Option Note (1/0 options masked by are not available.) 








































cal 
inpuc/Ouepat | 
input Ovenoe | 
a 
a 







Input /Output 
Input /Output 


Standard Pins 


Please Mark 


Input 
Pp on Ral disp 





vy 
oo 
«0 9 
a 
40 
° 
= 


* Please enter "0" in applicable item for I/O option selection. 


A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS 
C; CMOS (not be used as Input) 
D; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS 


(2) Ral/Vdisp 










RAL/V aj op 


Ray :Without Pull-down MOS (D) 


* Please enter check marks (M, x,v) 
in applicable item. 


Note) Rai/Vgisp has to be selected as Vdisp pin even if one high voltage 


pin is specified as "E", 


(3) Divider (DIV) (4) 


Po ee | Divide-by-4 | Divide-by-8 | Divide-by-16 ROM Code Media 


HMCS412AC Sari 

/414AC i 

Deine: ne Pacts, [] EPROM: Emulator Type 
HMCS412CL 




















(] EPROM: EPROM On-Package Microcomputer 
Type 


Check List of Application 








(A) Oscillator (CPG option) 


(]HMCS412C/414C i] HMCS412AC/414AC _} HMCS412CL/414CL 
(5V Operation) (High Speed Operation) (3V Operation) 
CPG C]Ceramic Filter (] Ceramic Filter [] Ceramic Filter 
i (] Crystal O Crystal CL] Crystal 
L]External Clock C] External Clock (] External Clock 


* Please enter check marks (M™@, x,.) in applicable item. 
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HMCS400 SERIES 


Section Two 


Software " 


Application Notes 
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PREFACE 


HMCS400 is a series of 4-bit single chip microcomputers using an 
innovative CMOS high breakdown voltage process. This series is much 
improved over the HMCS40 series in such areas as direct drive of fluores- 


cent character display tube, operating speed, functions, and program development. 


APPLICATION NOTES consists of typical application programs for the 
HMCS400 series to help users better understand the instruction set and to 


provide them with references for making more customized programs. 


Programs described in APPLICATION NOTES have already been debugged. 


However, please verify operation in actual use. 


For additional information reference: 
eSection 1, HMCS400 Series User’s Manual 
Section 3, HMCS400 Series Hardware Application Notes 
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Li Application Programs Explanation Format 


Explanation of each program in APPLICATION NOTES is divided into four 


sections as shown in Fig. 1.1. 


Section 1—— SPECIFICATION FUNCTION 
ARGUMENTS 
CHANGES IN CPU REGISTERS AND FLAGS 
SPECIFICATIONS 
SPECIFICATIONS NOTES 


Section 2 ——— DESCRIPTION Function Details 
User Notes 
RAM Allocation 
Sample Application 


Basic Operation 
section 3 - FLOWCHART 


Section 4 -— PROGRAM LISTING 


| PROGRAM LISTING | LISTING 


Civ fneseoe senses] fianen][ | 


ee oo a 
DESCRIPTION 


eS 
| FUNCTLON 








DESCRIPTION 





SPECIFICATIONS NOTES 


Fig. 1.1 Program Description 
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Programs in APPLICATION NOTES can be implemented in two ways, i.e. 


(1) without modification or (2) with modification. 


(1) To use a program without modification, you will need: 
(a) The information in section l 
(b) Function Details, User Notes, RAM Allocation and Sample 
Application in Section 2 


(c) PROGRAM LISTING in Section 4 


(2) To modify a program, you will need: 
All the information in Section 1 to 4; after reading these sections, 


change the PROGRAM LISTING according to user specifications. 
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1.1 Symbols 
Symbols and abbreviations used in APPLICATION NOTTES are described below. 


(1) Operation 


( ) = Contents 

a>b = Transfer from "a" to "b" 
a++b = Exchange between "a" and "b" 
+ = Addition 

im = Subtraction 

x = Multiplication 

/ = Division 


(2) Register symbols in MCU 
= Accumulator 
= B Register 
W Register 
= X Register 


<i «~ ff WwW Pp 
i 


= Y Register 
SPX = SPX Register 
SPY = SPY Register 


(3) Flag symbols in MCU 
CA = Carry 





ST = Status 


(4) Comparison sign 


= Equal 

# Not-equal 

> Greater than 

< Less than 

2 Greater than or equal 

< Less than or equal 

(5) Others 
aa = Delineates ASCII characters 
= Indicates labels of successive addresses 

$ = Indicates hexadecimal data 

MD($***) = Specifies a digit in address space ($*** indicates 
address). 

MR($*) = Specifies a digit in memory registers ($* indicates 
address). 
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MSD = Most significant digit in address space 
LSD 


i 


Least significant digit in address space 


1.2 SPECIFICATION Section 


i} blocked area 


een eaenaannwan 


in Fig. 1.2). Each numbered item in the figure is described below. 


(1) (2) (3) 









i 
(4) —} +f ein] 


(5) 


: Not affected 
x : Undefined 
: Result 










ROM (Words 
1 RAM (Digits) | 
[is Nal ere ata S] 
| Stack (Digits) | 


DESCRIPTION 
Seated Conseils dinmmeinates | 
‘i 
(8) SPECIFICATIONS NOTES 
" | 
‘. 
Me ase ess in Ss psn “t= re! “elie ein oun“ is abba’ uso Gan“ cc": "ni = teva mb; os | 


Fig. 1.2 SPECIFICATION Section 
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(1) ITEM NUMBER AND PROGRAM NAME: 


Example: 
9. SHIFT 8-BIT DATA | 


(2) MCU: 
Indicates names of microcomputer series applicable to 


the program. 


Example: 


(3) LABEL: 
Indicates the name identifying program entry point. Use this label 


to call the program. 


a Soe 


(4) FUNCTION: 


Describes program function. 


Example: 


FUNCTION 


Shifts 8-bit binary data stored in RAM a specified number of times to the 





right. 





(5) ARGUMENTS: 


Describes entry arguments which must be initialized before program 


execution, and return arguments after execution. 


(a) Contents: 


Describes arguments’ contents, e.g., constant, starting 


address, string length. 
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(b) Storage Location: 


Indicates registers and RAMs in which arguments must be stored. 


RAM locations are denoted by "(RAM)". 


Note: Absolute storage locations in RAM address space are 
designated by MD (SWXY, SWXY) using W, X and Y addresses. 
For example, MD ($033, $032) refers to the marked area 


in the memory array shown below. 


Ww. X Y Ww xX Y 
bles). CIEE] 
Y Address z 


mer le{e {cla} ai s]el7| 6 5 [a 
Ree eee eA RS 
post TTT TE TE TT TY 
o4T TTT TE 


W, X, Y correspond to registers. 











W, X 
Address 






W, X, Y which are used to store memory addresses. 


(c) No. of Digits: 
Indicates arguments' digit length. 


Example: 






ARGUMENTS 





1 eae 4 << 


| contents | eEeLaEe 
Location ere 


sera eeet 
8-bit binary MD ($033, 

number to be $032): Z 
shifted to | 
the a 


cleo Ma 


Shift result 















Entry 









MD ($033, 
$032) 
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(6) CHANGES IN CPU REGISTERS AND FLAGS: 


Describes changes in CPU registers and flag changes in condition 
code register after executing a program. 


The following symbols are used. 


@® : Not affected : Original contents are preserved. 
x : Undefined : Original contents are destroyed. 
t : Result : Contains results of program execution. 
REGISTERS AND FLAGS 
: Not affected Example: 


: Undefined 
: Result 


In this example, after executing 

a program, contents of Accumulator, 
B register, X register, 

Y register, carry and status will 
be destroyed. Thus, contents 
which will be destroyed should be 


saved before executing a program. 





(7) SPECIFICATIONS: 





Describes program operation specifications. 


(a) ROM (Words) : Indicates amount of ROM used by the program. 


1 word consists of 10 bits. 


(b) RAM (Digits): Indicates amount of RAM used by the program. 
1 digit consists of 4 bits. 
(This value does not include memory needed for 


the stack.) 


(c) Stack(Digits):Indicates amount of RAM used by the stack in 
the program. This memory must be reserved 


when the program is executed. 


(d) No. of cycles:Indicates the maximum number of machine cycles. 
| Calculate the execution time required for 


program execution as follows: 
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Execution time (sec) = Number of cycles x cycle time 


Cycle time (sec) = 8/External oscillator frequency (Hz) 
Note: BRS instruction is regarded as 1 cycle. 


(e) Reentrant : Indicates whether a program has a structure 
which can be called from two or more routines 


at the same time. 


(f) Relocatable : Indicates whether a program can be located in 


any memory space. 


(g) Interrupt OK? : Indicates whether MCU can continue a program 
normally after serving an interrupt routine. 
If cannot ("'No'"), inhibit interrupt before 


the program is called. 


SPECIFICATIONS 


1 word=10 bits 


ROM (Words) 
ns: Sa 
| RAM (Digits) _| 
eas Sera 
ee See 


Example: 





No. of cycles 
[__Reentrant | 
ae: Caen 

Relocatable 

Interrupt OK? 





(8) SPECIFICATIONS NOTES: 
Explanatory notes for items listed in (7) SPECIFICATIONS. 


Example: 


SPECIFICATIONS NOTES |] 


"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to shift 8 bits of binary data 3 bits to the right. 
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1.3 DESCRIPTION Section 


The DESCRIPTION Section is shown in Fig. 1.3. 1; blocked area 
fe at 


in Fig. 1.3). Each numbered item in the figure is explained below. 


a 
FUNCTION 






ARGUMENTS 
1 digit= 4 bits 
Storage No. of 
Location | Digits 





CHANGES IN CPU 
REGISTERS AND FLAGS pEECTEICATIONS 


: Not affected 
x : Undefined 
: Result 










1 word#10 bits 


ROM (Words 
[ihe ee ee 


| _RAM (Digits) 
fee ae ce 
Stack (Digits 
eat te 
|_ No. of cycles | 


SaaS 
|__Reentrant | 
ee ee 
|__Relocatable | 


eee 
|__interrupt OK? | 
eee care 























Function Details 


Q 





User Notes 


(2) 





DESCRIPTION 


(3) RAM Allocation 













(4) Sample Application 


(5) Basic Operation 


re me ee ei a ee nee es ee ee ee ee ee ee ee ee ee Ce 


Cee ee el eee ee ed ett 


Fig. 1.3 DESCRIPTION Section 


(1) Function Details: 


Gives internal representation of arguments and results before and 


after program execution, respectively, and describes basic 


operation. 
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(2) User Notes: 
Gives precautions and limitations when executing the program. 


* Be sure to read these items when using the programs 


without modification. 


Example: 


DESCRIPTION 


(1) Function Details 
(a) Argument details 


MD ($033,$032): Holds 8-bit binary number to be shifted to the right. 
After SHR execution, contains shift result. 


B : Holds number of shifts. 
Contents of B = Number of actual shifts - l 
(See (2) User Notes) 


(b) Example of SHR execution is shown in Fig. 1. If entry arguments 
are as shown in part @ of Fig. 1, 8-bit binary number is shifted 
to the right as shown in part @ of Fig. 1. 
In this case, "0"'s are shifted into the 2 leftmost bits. 


b3 ® po 
B(S1) 
Q) Entry arguments 
b7 MD ($033 ,$032) b0 


MD($033,$032) 
~ ($CB) Bonn 


A, 


® recurn axgunenc 4*9033-803f To Ts Ja] [oJo] a] 


orto tote 


Fig. 1 Example of SHR Execution 


(2) User Notes 
(a) ST flag is set after SHR execution. 


(b) When specifying number of shifts, load B register with number of 


actual shifts less 1. In part @ of Fig. 1, $1 is held in B register 
since number of actual shifts is 2. 


(c) Number of shifts in B register must be within the range of 
$O < B € $7, otherwise MD($033,$032) becomes "0", 


(d) Shift operation permits easy multiplication of 8-bit binary number 
by 27. (n = number of shifts) 
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(3) RAM Allocation: 


Provides details of RAM Allocation for program arguments and 


results. 


Example: 


(3) RAM Allocation 


RAM 


b7 
$34 


MD ($033, 





Fig. 2 RAM Allocation 


Description 


bO Holds 8-bit binary number to be shifted to the 
right before execution. 
A Contains shift result after execution. 
X and Y addresses are defined by XSFT and YSFT, 
respectively. 


$032) 


MSD : Most Significant Digit 


LSD : Least Significant Digit 
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(4) Sample Application: 


Gives a sample application of calling the program from another 


- routine. 


Example: 


(4) Sample Application 
Shown below. is a sample application using SHR with address space 
allocated as follows. 
MD ($043, $0A2) : §8-bit binary number to be shifted 
MD ($0A4) ; No. of shifts 


MD($0A6,$0A5) : 8-bit binary shift result 


$0 Example with W=0. 


LWIL 
: 
LAMD $0A3 


LMAD $033 Store 8-bit binary number to be shifted 
LAMD  $0A2 "* to the right in entry argument. 
LMAD $032 


LAMD  $0A4 | Load number of shifts into entry 
LBA se *** argument. 


| CALL SHR | Call SHR. 


LAMD $033 


Pg Oe: Store shift result, which is contained 
LAMD $032 in return argument, in RAM. 


LMAD $0A5 
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(5) Basic Operation: 
Explains basic operation of the program. 


Example: 


(5) Basic Operation 


(a) 8-bit binary number is shifted to the right 1 digit at a time. 


(b) B register is used to count the number of shifts, and is decremented 


each time (a) is executed. 
Operation loops to (a) until B register becomes $F. 
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1.4 FLOWCHART Section 


An example of the FLOWCHART Section is shown in Fig. 1.4. Flowchart 


explanatory comments are entered to the right. 


Example: 


FLOWCHART 





Load address of 8-bit binary 
number to be shifted into 
X and Y registers, 


we ee ee = 


scree 1 Clear CA flag to clear MSB. 


Rotate upper digit of 8-bit 
binary number to the right and 
set LSB of upper digit to MSB 
of lower digit. 


ed 


ee Decrement Y address of 88-bit 
binary number. 


Test if all digits of 8-bit 
binary number are rotated 
1 bit to the right. 


eerie : Decrement shift counter. 


mae Test if shift is completed. 


Note: A multi-instruction command is indicated by 


a dashed line separating each instruction. 





Fig. 1.4 FLOWCHART Section 
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1.5 PROGRAM LISTING Section 


An example of PROGRAM LISTING Section is shown in Fig. 1.5. Included 


with the program listing is information for modifying the program 


according to user's requirements. 


Example: 


9. SHIFT 8-BIT DATA HMCS400 SERIES }| LABEL 
PROGRAM LISTING 


OBJECT ADRS SOURCE STATEMENTS 





010 0000 LLEN 132 


( ) PTETTITT TTT TTT ri Tite ret ttre 
a » * 
* NAME : SHIFT 8-BIT DATA (SHR) * 


* « 

(b) PTO CT VTC TIC PTI TTT CTT Eta err eel 
~ 

* ENTRY : MDC$033.$032) (B-BIT BINARY DATA) * 

(c)~— 8 (SHIFT COUNTER) 
RETURNS : MDCSO2Z3.$032) (B-BIT BINARY DATA) = 

* Py 


A AC 0 ee ee ee 


* 
(dyn Serr bas if 8-81T BINARY OATA ADDR(X> 
B-BIT BINARY DATA ADORCY> 
(e) BASFT $} B-BIT BINARY DATA LSD ADOR(Y)-1 
Ld 


$0100 
SHR . ENTRY POINT 


0100 ¥SFT LOAD ADDR< YX» 

0101 SHRI YSFT LOAD ADDR Y> 

102 

0103 SHR2 LOAD BINARY CATA 

0104 ROTATE BINARY DATA 

0105 STORE SHIFT DATA AND DECREMENT ADOR SY) 
0106 

0107 

0108 OECREMENT SHIFT COUNTER 

0109 > t.GOP UNTIL. SHIFT COUNTER = tO 


— wee ee ee ee ow oe te ow oe we oe Se Se ee ee ey 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


XSFT: Defines X address of 8-bit binary number to be shifted 
to the right. 


YSFT: Defines MSD Y address of 8-bit binary number to be shifted 
to the right. 


Defines LSD Y address less 1 of 8-bit binary number to be 
shifted to the right. (YSFT-$2; if this is negative, 
value should be defined as SF.) 





Fig. 1.5 PROGRAM LISTING Section 


(a) NAME: Name of a program. ( ) means entry point label. 

(b) ENTRY: Shows storage location and contents of entry arguments. 
(c) RETURNS: Shows storage location and contents of return arguments. 
(d) EQU: Defines RAM and its address by label. 

(e) SHR: Shows entry point label. 


(£) Explains how to modify this application example. 
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2. Program Execution 


The programs in APPLICATION NOTES have been considering efficiency and 
portability. The following shows how to execute these programs and how 


to modify them according to user requirements. 
2.1 Calling Programs in APPLICATION NOTES from User Programs 


The procedure for calling programs in APPLICATION NOTES from user 
programs is shown in Fig. 2.1. All programs in APPLICATION NOTES 
written as subroutines and should be called as shown in Fig. 2.1. 
An example of a user program in which a program in APPLICATION NOTES 


is called as a subroutine is shown in Fig. 2.2. 


User Program Program in APPLICATION NOTES 


Initialize 
argument (s) 
















- -~~--7 *Note 
{ 


4 Save necessary 
: register(s) : 


CALL FILL 


Call subroutine 





r 1 *Note 
; Restore necessary ! 


y register (s) ' 
al 


Process results 





*Note: User must save and restore register(s), 
if necessary. 
Refer to the comments in next page. 


Fig. 2.1 Procedure for Calling Programs in APPLICATION NOTES 
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User Program 


LWI SO. Ax@ee Example with W = 0. 
LMAD SO2D seews Save register. 
LAMD SOAL 
LBA 
LAMD SOA2 
LYA 
LAMD SOAS “| psceden Initialize arguments. 
LXA 
LAMD SOA4 
LMAD $04D 
LAMD SOA5 
LMAD SO4C 
|} CALL = FILL]| eerie Call program. 
LMAD SO2ZD!  2-eales Restore register. 


Fig. 2.2 Sample Application 


Some programs may destroy register(s) contents before returning to the 
user program, since register(s) are used not only as argument(s) but as 


work area for calculation. Usually, register(s) used as work area is 





saved and restored in subroutine. The programs in APPLICATION NOTES, 


however, do not save nor restore register content(s). 


If register(s) contents need to be saved, users must save and restore 
register(s) contents as shown in Figs. 2.1 and 2.2. 

Refer to the "SPECIFICATIONS" section for each program to determine 
which registers should be saved as well as for details on subroutine 


arguments and results. 


Also, note that the amount of RAM used for the Stack by each program 
indicated in "SPECIFICATIONS" is in addition _ that used when calling 
the program (4 digits). The entire stack area is 64 digits allowing 

for a maximum nesting level of 16. Thus, to prevent program malfunc- 
tioning, both of the above must be considered when calling (and writing) 


program subroutines. 
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2.2 Modifying Programs in APPLICATION NOTES According to User Requirements 


The programs in APPLICATION NOTES may be modified depending on user 


requirements. 








SHR RAM allocation 
in APPLICATION NOTES 


New RAM allocation 


Fig. 2.3 RAM Allocation 


For example, to modify RAM allocation for the SHR program as shown in 


Fig. 2.3, the EQU instruction for the labels shown in Fig. 2.4 must be 


changed as 


shown in Fig. 2.5, and the program them reassembled. 


RAM allocations that can be modified are described after each program 


listing, as shown in Fig. 2.4. 


ST-NO 


00001 
00002 
00003 
00004 
0000S 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 


OBJECT ADRS SOURCE STATEMENTS 
010 0000 LLEN 132 


ROKOIOICIOROR IOIOROIOICFOIOIOIOIOIOICIONOIOIOIOIOIOIOR ICIOIOIOROIOROIOI OI MORCICIOROR NORORORORICKORHCOHOIOR HOR IOK 
* * 
* NAME : SHIFT 8-BIT DATA (SHR) * 
* x 
JIOROIOICIOIOIOIOIOICIOIOICIOIOIIOIOIOIOIGIOIOIICIOIOICIOIOIOIOIOIOFOIOIDICOTOIOIOIOIIOIOIOIOI IOI OTOR OIOK 
“ * 


* ENTRY : MD($033,$032) (8-BIT BINARY DATA) 
* 8 (SHIFT COUNTER > 

* RETURNS > MD($033.$032) (8-BIT BINARY DATA) 
* 

* 


OOIOIOIOIOROIIOIOIOIOIOROIOIOIGIOR OI IOIOIOIOIOIICKOIOIOIOIOIOIOIOIOIOR OI IOIOIOROIO HOR OIOIOIOIOR OK OIOIOIR IK 


B-BIT BINARY DATA ADDR(X) _ 
8-BIT BINARY DATA ADOR(Y) 
B-BIT BINARY DATA LSD ADOR(Y)-1 


ENTRY POINT 
223 0100 , LOAD ADOR(X> 
213 0101 LOAD ADDR<(Y> 
OEC 0102 
090 0103 LOAD BINARY DATA 
OAO 0104 ROTATE BINARY DATA 
000 0105S STORE SHIFT DATA AND DECREMENT ADDR CY) 
O71 0106 
303 0107 BRS 
OCF 0108 08 DECREMENT SHIFT COUNTER 
201 0109 BRS LOOP UNTIL SHIFT COLINTER = $0 
010 010A RTN 


When storing arguments in other RAM locations, change the EQU_ 
operands for the following labels. 


XSFT: 
YSFT: 


BASFT: 





Defines X address of 8-bit binary number to be shifted 
to the right. _ | 


Defines MSD Y address of 8-bit binary number to be shifted 
to the right. _ 


Defines LSD Y address less 1 of 8-bit binary number to be 
shifted to the right. (YSFT-$2; if this is negative, 
value should be defined as SF.) 


Fig. 2.4 Program Listing with Original RAM Allocations 
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changed 


* 

XSFT EQuU 4 8-BIT BINARY DATA ADDR(X>) 

YSFT EQU 8-BIT BINARY DATA ADDRCY> 
BASFT EOU 8-BIT BINARY DATA LSO ADDR CY)-1 


*’ 





Fig. 2.5 Program Listing with New RAM Allocations 


Note that in the program above, W register contents are not specified, 
but have been assigned as W = 0 elsewhere (W, X, and Y register are 

all needed for complete specification of a memory location). W register 
has four possible selections, from 1 to 3. If necessary, change 


W register contents using the LWI instruction. 
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PROGRAM APPLICATION EXAMPLES 





Page 


FILL WITH A CONSTANT VALUE FILL 
MOVE DATA BLOCK MOVE 
MOVE STRING MOVES 
BRANCH FROM TABLE CCASE 
CONVERT ASCII LOWERCASE INTO 
UPPERCASE 


CONVERT ASCII INTO 
1-DIGIT HEXADECIMAL _ NIBBLE | 


CONVERT 8-BIT BINARY DATA 
INTO ASCII erie 
COUNT LOGICAL "1" BITS HCNT 


We NO 
co F)) 


ni 
> 


. Wo 
paar 





~ 


> 
ON 


CO “ ON bed 
W ~ be PS ON 


\o 
i 


Ce [ar terre ef 
Te ror earmeree [| 
pore ADD 8-DIGIT BCD 126 


16-BIT SQUARE ROOT SQRT 140 


CONVERT 2-BYTE HEXADECIMAL 151 
INTO 5-DIGIT BCD 

CONVERT 5-DIGIT BCD 159 
INTO 2~BYTE HEXADECIMAL 


1. FILL WITH A CONSTANT VALUE HMCS400 SERIES| | LABEL | FILL 
FUNCTION | | 


Fills a specified number of bytes in RAM with a constant value. 














CHANGES IN CPU 





SPECIFICATIONS 


ARGUMENTS 
1 digit= 4 bits 
Contents SEOr eee Ne 20 
Location | Digits 


Entry 
Starting 
Sire’ | me | 2 


2 
| - |=|- 


DESCRIPTION 
HCNST, LCNST(RAM): Holds 1-byte constant to fill an area in RAM. 


REGISTERS AND FLAGS 









: Not affected 
: Undefined 
: Result 










1 word=10 bits 


2 


ORR, Seen 
Stack (Digits) 















a 





(1) Function Details 





(a) Argument details 






B : Holds number of bytes of RAM to be filled with 
constant (Contents of B = actual number of bytes 
- 1. See (2) User Notes). 







X,Y : Holds starting address in RAM. 









(b) Example of FILL execution is shown Fig. 1. If entry arguments are 
as shown in part @) of Fig. 1, $57 in HCNST, LCNST(RAM) is stored 
in RAM as shown in part of Fig. 1. 













SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to fill 16 bytes of RAM with a 1-byte constant. 
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(1. PILL WITH A CONSTANT VALUE. 





DESCRIPTION 


fimcs4oo SERIES | LABEL [ru | 


HCNST , LCNST 

(RAM) 
HCNST , LCNST Re a 
(RAM) Rees 

| ($57) 

@ = &Entry arguments . B | : b3 * pO 
($B) 

| a a 
x,y. b7 bO 


($5,$C) 


Y Starting address MD ($05C) 
WX FEDCBA9876543210 


= PEPE 


nnn ATR 


Fig. 1 Example of FILL Execution 









Q Result 


07 


(2) User Notes 
(a) ST flag is set after FILL execution. 


(b) A maximum number of 16 bytes of RAM can be filled by the constant 
value. | : 

(c) Value specified in B register is the actual number of bytes - l. 
In Fig. 1, as the actual byte length is 12($C), 11($B) is initialized 


in B register. 


(d) The program expects an even address initialized in Y register for | 
program operation. 
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1. FILL WITH A CONSTANT VALUE HMCS400 SERIES || LABEL FILL 
DESCRIPTION 


(3) RAM Allocation 


OREO OR Se 





Fig. 2 RAM Allocation 





Label RAM Description 
b3 bO 
HCNST LMSD/ Upper digit of 1l-byte constant to be stored 
4 in RAM. 
MD (S04D) 
Pe aM L digit of l-byte tant to b t d 
ower digit of l-byte constant to be store 
LCNST . 
ELSD == in RAM. 
MD($04C) 
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1. FILL WITH A CONSTANT VALUE 





‘DESCRIPTION 


(4) Sample Application 


Shown below is a sample application using FILL with address space 
allocated as follows. 








LWI $0 

LAMD SOAl 

LBA ee 
LAMD $OA2 

LYA 

LAMD $0A3 = 
LXA | 

LAMD $0A5 

LMAD HCNST 

LAMD SOA4 = 
LMAD LCNST 


(5) Basic Operation 


MD($0A1) : No. 
MD ($0A3, $OA2) : RAM starting address 


MD($OA5, $0A4) : Constant value 


of bytes of RAM to be filled with constant 






. Example with W=0. 


Load RAM length into entry argument. 


Load starting address into entry argument. 


Store l-byte constant in entry argument. 


. Call FILL. 


(a) X and Y registers are used to point to address in RAM to be filled. 


(b) Constant, in HCNST(RAM) and LCNST (RAM), is moved to X and Y address 
1 digit at a time using indirect addressing mode. 


(c) B register is used as a byte counter indicating how many bytes are 
left to be filled with the constant. It is decremented after each 
move and operation loops to (b) until its contents become $F. 


(d) Address in X and Y registers is incremented for next storage location. 
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1. FILL WITH A CONSTANT VALUE HMCS400 SERIES || LABEL ; ru | 


FLOWCHART 





wees ee www 


— eww wee wee 


Store upper digit of constant in 
RAM pointed to by X and Y registers. 


Increment Y address for next 
storage location. 


Store lower digit of constant in 
RAM pointed to by X and Y registers. 


Increment Y address for next 
storage location. 


Test if Y address is SO. 


Increment X address. 


Decrement byte counter indicating 
number of bytes left to be filled 
with constant. 


Test if filling is completed. 
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HMCS400 SERIES 


1. FILL WITH A CONSTANT VALUE 









_.. PROGRAM LISTING 


ST-NO QBJECT ADRS SOURCE STATEMENTS 


oa001 000° 000 0000 LLEN 132 

eleialepyy SOKO OR IOI OIOR ICI IORI IOROR OOK OIOOR OOK IO ORO NOOR OR OIF OK OKOROR MOR KIO ROK OR OI MOR HICH 
00003 * * 
00004 * NAME : FILL WITH A CONSTANT VALUE (FILL) * 
00005 x * 
OnNN4 ROR FO ORO FORO ORI IAB OIOK BORO IOI OK IO OIOI IOR IOR FOR OR OK ORI OOK OR HOR IOR HOR IOKOK aK 
00007 : * 
0008 * ENTRY :  HCNST CUPPER CONSTANT) ok 
o0nne ¥ LCNST CLOWER CONSTANT) * 
“90010 * 8B CBYTE COUNTER) * 
00011 % X.Y (STARTING ADDRESS) «K 
A001? k RETURNS. = NOTHING a 
NOO1 « % 
OO0LG YOR IOR OIE RE OROROIOIOROIOIOR IOROROICIOTOIOK IORI OK OO ORO OR ORO OIOR MOROK OH I OHOK 
NO01S * 

NO016 HCNST EQU $04D UPPER CONSTANT DATA ADOR 
00017 LCNST EOU $04C LOWER CONSTANT DATA ADDR 
Q0018 + 

00019 ORG $0100 

00020 FILL EQUI * ENTRY POINT 

OQ0021 190 040 0100 LAMD HCNST LOAD UPPER CONSTANT 
QNN22 Oso 0102 LMALY LOAD CONSTANT AND INCREMENT ADDRCY) 
00073 190 040 QO103 LLAMD LCNST LOAD LOWER CONSTANT - 
00024 gS0 0190S LMATY LOAD CONSTANT AND INCREMENT ADDRCY) 
anoeSS 708 0106 BRS FILL1 LOOP LINTIL BYTE COUNTER = SF 
00026 001 Q107 XSPX ' INCREMENT ADDRC(X) 

NON? 068 0108 LASEX 

NOBLE ZR 1 0109 ATL $1 

00029 QEB Q1OA - LXA 

0003 OCF 0108 FILL DB DECREMENT BYTE COUNTER 
00031 300 O10C BRS FILL 


00032 010 0100 RTN 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


HCNST: Defines upper digit address of 1-byte constant. 


LCNST: Defines lower digit address of 1-byte constant. 
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| 2. MOVE DATA BLOCK [ucu HMCS400 SERIES] | LABEL MOVE 
| FUNCTION 


Moves data block, stored in ROM, to a specified location in RAM. 















CHANGES IN CPU 





SPECIFICATIONS 


ARGUMENTS | 
1 digit= 4 bits 
Contents pEGEaEE Sees 
Location | Digits 
Source start- 
ing address B,A 2 
(ROM) 
a Sa NE 


REGISTERS AND FLAGS 















: Not affected 
: Undefined 
: Result 








1 word=10 bits 


a: ee 


33 
aan EEE 
Se) Sena 
No 
No 


















Destination 
starting 
address (X) 
Destination 
starting 
address (Y) 


No. of bytes 


ee 


| DESCRIPTION 


(1) Function Details 


















394 


Relocatable 
Interrupt OK? 





(a) Argument details 


B,A : Holds source starting address (ROM) as a 2-digit hexadecimal 
number. 


Holds destination (RAM) starting X address as a l]-digit 
hexadecimal number to indicate from where upper digits of 
source data will be stored. 


Holds destination (RAM) starting X address as a 1-digit 
hexadecimal number to indicate from where lower digits of 
source data will be stored. 

(Contents of SPX register = contents of X register + 1. 
See (2) User Notes.) 


Holds destination (RAM) starting Y address as a 1-digit 
hexadecimal number. | 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to move 16 bytes of data. 
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| 2. MOVE DATA BLOCK es HMCS400 SERIES ||LABEL|| MOVE | 
| DESCRIPTION 


SPY : Holds length of data block in bytes as a l-digit hexadecimal © 
number. 


(Contents of SPY = actual number of bytes - 1. 
See (2) User Notes.) 


(b) Example of MOVE, execution is shown in Fig. 1. If entry arguments are 
as shown in part @ of Fig. 1, source data block in ROM ($OF12v 


SOF18) is moved to destination in RAM ED CSOS SOUND: MD CS DGR POEL) | 
as shown in part @ of Fig. 1. 


BA 
($1 ,$2) 


X, SPX 


@ Entry arguments ($5,$6) 
| Y 

($B) : 
SPY 


($6). 


Source 
‘starting address + SOF12 













on | 
» SEE 
See e058 700000000011 ene 
WV 
« WER 


Fig. 1 Example of MOVE Execution 
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2. MOVE DATA BLOCK HMCS400 SERIES |} LABEL MOVE 
DESCRIPTION. 


(2) User Notes 
(a) ST flag is set after MOVE execution. 


(b) When storing the length of the data block in SPY register, the actual 
number of bytes-1 must be stored. In Fig. 1, as the actual length 
is 7 bytes, $6 is stored in SPY register. 


(c) 1 to 16 bytes of data can be moved. 


(d) When storing the destination starting address in SPX register, 
contents of X register + 1 must be stored, otherwise data cannot be 
moved successively to RAM. In Fig. 1, as contents of X register is 
$5, $6 is stored in SPX register. 


(e) Bit 8 of all words in the source data table must be set to 
indicate loading of data into Accumulator and B register when 
executing the pattern generation instruction (P). 


(3) RAM Allocation 


FIE+D:1C;BiAt9;4;817161541413121110 





Fig. 2 RAM Allocation 








Label RAM Description 
b3 bO 
HSOU Y Work area for saving contents of B register 
WH, used to indicate source (ROM) address. 
MD ($04B) 
b3 b0 | 
LSOU E LSD Work area for saving contents of Accumulator 
used to indicate source (ROM) address. 
MD ($04A) 
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2. MOVE DATA BLOCK | = HMCS400 SERIES||LABEL|| MOVE |}. 
DESCRIPTION | | | 


(4) Sample Application 
Shown below is a sample application using MOVE with address space allocated 
as follows. 
MD($OA2,SOAl1) : Source starting address 


MD(SOA5 \$0A3): Destination starting address 





MD ($0A6) : Length of data block in bytes 


LWI SO. = sae Example with W=0. 


LAMD SOA6 
Load’ length of data block into 
* entry argument. 


LAMD SOA5 


Load destination starting address 


SOA4 : 
into entry argument. 


$043 
LYA 
LAMD SOA2 
LBA 
LAMD _—-- SOA1 


[cant wovel] ..... cali move. 


Load source starting address into 
entry argument. 


ft oe ie See tS 
REE SS 
oO MN 
~~ J ee NS 
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2. MOVE DATA BLOCK HMCS400 SERIES || LABEL MOVE 
DESCRIPTION 


(5) Basic Operation 


(a) Data stored at the address indicated by Accumulator and B register 
is referred to Accumulator and B register, using the table look-up 
function of the pattern generation instruction (P). 


Program B Register Accumulator | ROM 


ROM 






LAI $3 Execution ee 
LBI $1 
Po OSE [D] 
After executing the pattern generation *Note: 


instruction in the above program sequence, $CD If dotted area (bit 8) ie $1 
1S contained in B register and Accumulator as shown above, ROM data is 
(SCD is stored in lower 8 bits of word located 
at $0F13) referred to Accumulator and 

i ° : | B regist ft i 
Since data table is allocated from $OFO0O% SOFFF, ap caeeaneet a agi 

; the P instruction. 

subroutine MOVE uses $F as operand of the 
pattern generation instruction (P). 


Fig. 3 ROM Table and the P Instruction 





_(b) Accumulator and B register are used as a pointer to the source 
data. | 


(c) 1 byte of the data word pointed to by Accumulator and B register 
1s moved to the RAM address indicated by X and Y registers. 


(d) SPY register is used as a counter indicating number of bytes in 
data block. SPY register is used as follows: 


(i) after every execution of (c), SPY register is decremented 


(ii) data continues to be moved 1 byte at a time until SPY register 
is SF. 
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2. MOVE DATA BLOCK 
_- FLOWCHART 


MOVE 





HMCS400 SERIES }| LABEL MOVE 


MOVE 


A > LSOU | | 
Save Accumulator and B register 


: indicating source address. 
B+ HsOU |. | 
Load source address data indicated 
Pattern MTAB ——|_ by MATB, B register and Accumulator 


into B register and Accumulator. 
pista | Load upper digit of* source data 
into destination. 


ean Load destination X address 
for lower digit. 


Store lower digit of source data 
in destination. i 


Increment destination Y address. 
upper digit. 


Test if Y register = SO. 


coo Load destination X address for 





SPX+S2>SPX J} — .uH-- 
Increment destination X address. 


MOVEL 


indicating source address. 


HSOU > B 
------ Restore Accumulator and B register 


LSOU > A 


er oe an Increment Accumulator indicating 
source address. 3 


A¥SO —~ Test if B register indicating source 
oo address needs incrementing. 
MOVE2 7 | 
 -~Btl > B eS, Increment B register indicating 
source address. 


By 


MOVE3 | 
Pare - Decrement counter indicating byte 
. a ices length of data block. 
SPynge ne «BR > ewes | Test if move is completed. 
SPY=SF 
RTN 
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2. MOVE DATA BLOCK 
PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 








00001 000 000 = aNdnO LLEN 132 
ONO? YO IOI OR FOR OIOIOI EOI NOR ORR IGOR OIRO OR IORI OR GG IOR FOR I RR IOI IR IORI OFOFOR ROR HOF 
Onno * * 
OOOO * NAME : MOVE OATA BLOCK  CMOVE) # 
Conds * x 
OHONHO04 ORCA OR GRO GOK RCI FORO YOR ICE IORI SIO IORI OIOK IOIOIOR ORIGIN HOIOR BROT ICICI R KK dO dH OOK +. 
OO00? * + 
90008 + ENTRY : A.B CSOURCE STARTING ADDRESS) BG 
NAOA? ¥ X.Y CDESTIMATION STARTING ADDRESS) ¥* 
00010 ‘+. SPY CNO. OF BYTES) K 
00011 *« RETURNS : NOTHING , * 
NN012 * ; * 
~ 00013 SOR IOR OKO KOK FOR OI EOI OI OIOI COICO TOR ICH I OIOR OR IORI IOI OIC? FOROROROIOIOI ROI IOI IOI OI IOI HOR 
Q0914 ¥ 
00015 HSOU EQU F048 © WORK AREA FOR REGISTERCB) 
T1NO16 ._30U EOU FOGA WORK AREA FOR ACCUMULATOR“ A) 
00017 MTAB EQU FF M30 (8-11BIT) OF DATA TABLE ADDRESS 
00018 + 
00019 ORG #0100 
ONO? MOVE EGU « ENTRY POINT 
NOAZ1 194 Q4A 0100 LMAD Lsau SAVE SOURCE ADDRCA) 
- gNN22 048 Q102 LAB 
Q0023 194 06R8 0103 LMAD HSOuU SAVE SOURCE ADDRCB) 
- 0024 19 O4A 0105 LEMD LSOU 
~ 0002S 16F 0107 P MTAB LOAD SOURCE DATA 
~~ OON26 OC} 0108 KMBX LOAD LIPPER SOURCE DATA 
00027 OS1 0109 LMAT‘YX LOAD LOWER SOURCE DATA AND INCREMENT ADDR CY) 
00028 313 OLOA BRS. MOVE 1 BRANCH IF ADORGY) =/ £0 
ANAT 068 0108 LASPX INCREMENT ADODR( SPX) 
~-H0020 2B2 010c AI he 
. 80031 001 0100 XSPX 
NNNZ2 OE£8 O10E LXA 
OOORS 0468 O1LOF LASPX INCREMENT ADDRCX) ° 
00034 282 0110 AT Et? : 
Q0025 001 M111 XSPX 
OATS QE8 O112 LXA 
Q0027 190 0468 QO112 MOVE 1 LAMD HSOU LOAD SOURCE ADODRCA)D 
00038 0C8 0115 LBA 
9003¢ 1990 04A 0114 LAMD LSOU LOAD SOURCE ADDR(B) 
00040 281 0118 Al $1 INCREMENT SOURCE ADDRC(A> 
Q0041 318 Q119 BRS MOVE2 BRANCH IF A = £0 
N0042 Z1C Q1iA BRS MOVE3 BRANCH IF A =/7 £0 
00043 04C 0118 MOVE? Ie INCREMENT SOURCE ADDR‘B) 
00044 002 011C MOVE3 XSPY 
Onn4s OOF 0110 Or DECREMENT LENGTH COUNTER 
N0046 QO2 QLIE XSPY 
ONS 7 300 O1LLF BRS MOVE LOOP UNTIL LENGTH COLINTER = $0 
NN04S8 010 9120 RTN 





When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


HSOU: Defines address where B register, indicating source 
data address, is saved. 


LSOU: Defines address where Accumulator, indicating source 
data address, is saved. 


MTAB: Defines MSD of the data table address referred to by the 
pattern generation instruction (P). a 
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3. MOVE STRING 2 : HMCS400 SERIES] | LABEL | BQLOAYS) 


FUNCTION 


Moves string of data, stored in ROM, to a specified location in RAM using a 
string terminator ($00). 


CHANGES IN CPU 


S 
REGISTERS AND FLAGS SPECIFICATION 









Storage 
Location 


















e : Not affected 
x : Undefined 
: Result 






















1 word=10 bits 


a Carrere 
Me eee 





Source start- 
ing address 

(ROM) 
Destination 
















starting 

address (X) 
Destination eae Oe aed 
starting 






40 

2 

[Reentrant «| 
No 


address (Y) 





No. 
Relocatable 
Interrupt OK? 


DESCRIPTION 


(1) Function Details 
(a) Argument details 


B,A : Holds source (ROM) starting address as a 2-digit hexadecimal 
number. 


Holds destination (RAM) starting X address as a 1-digit 
hexadecimal number to indicate from where upper digit of 
source data will be stored. : 


Holds destination (RAM) starting X address as a l1-digit 

hexadecimal number to indicate from where lower digit of 
source data will be stored. 

(Contents of SPX register = contents of X register + 1. 

See (2) User Notes.) 


Holds destination (RAM) starting Y address as a l-digit 
hexadecimal number. 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to move a string of data with the terminator in the 16th byte. 
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3. MOVE STRING HMCS400 SERIES |} LABEL MOVES 
DESCRIPTION | 


(b) Example of MOVES execution is shown in Fig. 1. If entry arguments 
are as shown in part @) of Fig. 1, data in source ROM ($OF12) 
is moved to destination MD($05B% $070), MD($06B% $080) as shown 
in part Q) of Fig. 1. When terminator ($00) is reached MCU 
terminates moving of data block. 


b7 > 8 40 
BAA 
($1, $2) — 
@ Entry arguments X, SPX 
($5, $6) ‘ 
b3 bO 
Y [3 | 
(SB) 


ROM 


Source (ROM) 
Starting 
address > SOF12 








—, block 
Destination (RAM) MD ($05B) | 
starting address MD ($06B) 
ees 8 7.6.5.4 32-10 
DY 
orwne CEP V| smsioaio 





07 


WV 
WV: 


Fig. 1 Example of MOVES Execution 





08 
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3. MOVE STRING = i HMCS400 SERIES||LABEL|/ MOVES. 





DESCRIPTION 


(2) User Notes 


(a) ST flag oe set after MOVES execution. 


(b) When storing the ace riaation eeapeine address in SPX register, 
contents of X register + 1 must be stored, otherwise data cannot 
be moved successively to RAM. In Fig. 1, as contents of X register 
is $5, $6 is stored in SPX register. 


(c) Bit 8 of all words in the source data table must be set to 
indicate loading of data into Accumulator and B register when 
executing the pattern generation instruction (P). 


(3) RAM Allocation 


FrE!}D:i1CiBiAti9s1841716151413121110 





Fig. 2 RAM Allocation 





Label ~ RAM Description 
b3 bO 
HSOUR CES Work area for saving contents of B register 
WA, used to indicate source (ROM) address. 
MD (SO4B) 
b3 bO 
Work area for saving contents of Accumulator 





used to indicate source (ROM) address. 
MD (S04A) | | 
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3. MOVE STRING HMCS400 SERIES }}| LABEL MOVES 
DESCRIPTION 


(4) Sample Application 


Shown below is a sample application using MOVES with address space 
allocated as follows. 


MD($0A2,$0Al1) : Source starting address 


MD($OA5% $0A3): Destination starting address 





LWI | 0 eee Example with W=0. 
| 
LAMD SOA5 
LXA 
XSPX 
LAMD SOA4 eye Load destination starting address 
; into entry argument. 
LXA 
LAMD SOA3 
LYA 
LAMD SOA2 
LBA Load source starting address into 


entry argument. 
LAMD SOAL 


CALL. - MOVES I) ssscae-2 Call MOVES. 
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| 3. MOVE STRING 


DESCRIPTION 


(5) Basic Operation 


HMCS400 SERIES MOVES | | 


(a) Data stored at the address indicated by Accumulator and B register is 
referred to Accumulator and B register, using the table look-up function 
of the pattern generation instruction (P). 


Program B Register Accumulator —— | ROM” 


| | ROM 
LAI 3 Ea 
4 Execution address 
LBI $1 
[c] 


$0F12 
PSF C [p] ww 






After executing the pattern generation instruction *Note: 
in the above program sequence, $CD is contained 


bit 8) is 
in B register and Accumulator (SCD is stored If dotted area (bit 8) is 


° ° § ROM 
in lower 8 bits of word located at SOF13). aap a ene 
Since data table is allocated from $OFOO% SOFFF, oes 

: Accumulator and B 
subroutine MOVES uses $F as operand of the ; Pine esaee tn 
pattern generation instruction (P). register arte ns 


the P instruction. 


Fig. 3 ROM Table and the P Instruction 


(b) Accumulator and B register are used as a pointer to the source data. 


(c) X and Y registers are used as a pointer to the destination location 
in RAM. 


(d) Data block, pointed to by Accumulator and B register, is moved 
into Accumulator and B register using the pattern generation 
instruction (P). 

Data in Accumulator and B register is tested for terminator ($00). 
If not, contents of Accumulator and B register is stored into 
destination and destination address is then incremented. 


(e) Operation loops to (d) until terminator ($00) appears. 
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FLOWCHART 


3. MOVE STRING | HMCS400 SERIES || LABEL MOVES 


MOVES 


or 


MOVES 


A > LSOUR 
Save Accumulator and B register 


ee indicating source address. 

B * HSOUR 
Load source address data, indicated 

pore -4 by MSTAB, B register and Accumulator, 


into B register and Accumulator. 


Save Accumulator before test fo 
A > SPY al : ; . 
terminator. 


Pattern MSTAB 


- 


| 


> 

A 
Ur 
Se 


Test if source data is terminator 
(Accumulator =$0, B register=S0). 
A#S0 


If "Yes", terminate subroutine 


NG MOVESL =S0 MOVES. 


bd 
+ 
> 


A=S0 


> 
|A 
4S 
oO 


MOVES2 A#S0 





into destination. 
Set destination X address 
for lower digit. 


---{ Store upper digit of source data 


-wonee { Restore Accumulator. 


Store lower digit of source data 
into destination. 


aia { Increment destination Y address. 


Increment destination X address 
for upper digit. 


Test if destination Y address 
Ne LS. SO; 





Y#S0 


Ke 


" Y=SO 
SPX+$2>SPX 


Increment destination X address. 


X+$2>X 
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3. MOVE STRING 


| -FLOWCHART 


HMCS400 SERIES MOVES — 


MOVES3 
HSOUR*+ B | 
Restore Accumulator and B register 

. indicating source address. 

- LSOUR > A : | 

Increment Accumulator 

indicating source address. 


A#$0 Test if B register, indicating 
source address, needs incrementing. 


AFSL >A. Gees 


MOVES4 A=$0 


& MOVESS | B=S0 


RIN 


Increment B register indicating 
source address. 


Test if move is completed. 
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MOVES 





HMCS400 SERIES 





3. MOVE STRING 
PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 








90001 010 0nn0 LLEN 132 

00002 SEE YOROIOIOR OR HOR OIOR OROR IK do TOR OIOK IOIOI IOI OIOROROR IORI FOIOIOFOR OK YOR HOR MOROROK MOFOR YOIOROR AOR OK NOK 
Noans * * 
eleielar) * NAME : MOVE STRING (MOVES) * 
QDS * ¥ 
ONNANG YOO ROROIOR OR HORROR EOI ORO TOR IORI OR I OF ORR IOI OIOR IO OFOR FOF ORIOR AOROR MORO H OR ERO FORK HOR ACH ok 
O0007 * * 
60008 * ENTRY >: A.B CSOURCE STARTING ADDRESS) ¥ 
onong * xX. (DESTINATION STARTING ADDRESS) * 
00010 * RETURNS > NOTHING * 
00011 * * 
00012 JOR ORO ICE IORI IOROROR OIF ORHOFOR OFOR I HORROR IOI OF OIOR OR OROR II OIOIOR ORO MOR ROR OIRO HOR MOK ROK OFOK ICM 
00012 * 

00014 HSOUR EQU £04B WORK AREA FOR REGISTERCB) 

Q0015 LSOUR EQU $04A WORK AREA FOR ACCUMULATOR (CA) 
00016 MSTAB EBU $F MSO (8-11BIT) OF DATA TABLE ADDRESS 
00017 * 

00018 ORG £0100 

00019 MOVES EQU * ENTRY POINT 

00020 194 046A Q100 LMAD LSOQUR SAVE SOURCE ADODR‘(A) 

00021 043 0102 LAB 

NNN22 194 O04B 0103 LMAD HSQUR SAVE SOURCE ANODR‘(B) 

00023 190 046A 0105 LAMD LSOQUR 

NAN 1BF 107 pP MS TAB LOAD SOLIRCE DATA 

0002S 002 0108 XSPY 

NNN24 ADS v109 LivA LOAD SPY FROM A 

QOO2 7 No? N10A XSPY 

NYN22R 280 0106 NLET $0 ={ $0 ? 

ANNALS O48 0100 AB 

AQO30 30F 0100 BRS MOVES1 BRANCH IF A = f0 

OOS} 311 N10E BRS MOVE S2 BRANCH IF A #=/ $0 

NOO27 2B0 O10OF MOVES 1 ALET £Q A =< £0 7? 

00033 327 0110 BRS MOVE SS BRANCH IF A = #0 

OCWIIAG 095 O11) MOVE S2 tL. MAX. LOAD UPFER SOURCE DATA 

NNNAS 058 O112 LASPY LOAD A FROM SPY 

AODOS6 051 0113 LMATYX LOAD LOWER SOURCE DATA AND INCREMENT ADOR CY) 
QOOZ7 710 OL1L4 BRS MOVES3 BRANCH TF ADORCY) = $0 

NOAIZS 068 O1lS LASPX INCREMENT ADOR (SPX) 

NOOSA? ZE2 OLL4 ATI $2 

OQD4O OO 1 OLL? X SPX 

00041 NEB 0118 LX 

00042 068 O1L9 LASPX INCREMENT ADDR‘ xX) 

QNO4 2° 282 O11A AT 32 

00044 001 O116 XSPX 

AOON4S 0E8 011C LXA 

NNN é 190 048 0110 MOVE S3 LAMO HSLIR LOAD SQURCE ADDR<A) 

NOOK 7 ACS OL1F LBA 

NONGS 190 04A 0120 L.AMD LSOUR LOAD SOURCE ADDR‘(B) 

NOES 28) 0122 AT TI INCREMENT SOURCE ADDR (A) 

AQIGEO 32 0123 BRS MOVES4 BRANCH IF A = £0 

NMOS | 300 Q124 BRS MOVES BRANCH IF A =/ £0 

AAS? O46 N14 7S MOVE S34 T@ INCREMENT SQURCE ADDR“ B) 

QOOGS 200 0126 BRS MOVES LOOP UNTIL B = 0 

Ansa O10 Q127 MOVESS  RTN . 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


HSOUR: Defines address where B register, indicating source 
data address, is saved. 


LSOUR: Defines address where Accumulator, indicating source 
data address, is saved. 


MSTAB: Defines MSD of the data table address referred to by the 
pattern generation instruction (P). 
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4. BRANCH FROM TABLE 7 | | HMCS400 SERIES| | LABEL CCASE 
FUNCTION | Y Be? - a 


Loads service routine starting address, which corresponds to a l-byte command 
in RAM, into Accumulator and B register; permits easy decoding and processing 
of keyboard data or other input data ('case' branching). 




















CHANGES IN CPU . 


SPECIFICATIONS 








REGISTERS AND FLAGS 








ARGUMENTS 
1 digit= 4 bits 
Location 


HCMMD 
Command LCMMD 
(RAM) 


Data table 
starting 
address 















e : Not affected 
x 3; Undefined 
¢ : Result 


1 word=10 bits 


ROM (Words) | mt 

RAM (Digits) 

Stack (Digits) 
: 
Oo 














Entry 


| 





Service 
routine 
starting 
address 


No. 
Relocatable 
ae eee ee 
— Interrupt OK? | 
Yes. 






Returns 





Command 
status 


) DESCRIPTION 


(1) Function Details 


(1 bit) 


(a)- Argument details 
HCMMD ,LCMMD(RAM): Holds commands such as ASCII. 
VsSPY : Holds lower 8 bits of data table starting address. 


B,A : Holds lower 8 bits of service routine starting 
address. 


ST : Indicates status after CCASE execution. 


Indicates data table has the same data (command) 
as that in HCMMD and LCMMD(RAM). | : 


Indicates data table does not have the same data — 
(command) as that in HCMMD and LCMMD(RAM). in 





SPECIFICATIONS NOTES ||. 


"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to process a command located in the 3rd data string in the data table. 
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4. BRANCH FROM TABLE : HMCS400 SERIES || LABEL || CCASE 
DESCRIPTION - 


(b) Example of CCASE execution is shown in Fig. 1. If entry arguments 
are as shown in part () of Fig. 1, data table in Fig. 2 is searched 
and service routine starting address is contained as shown in 
part @) of Fig. 1. 


HCMMD LCMMD. 
Command (RAM) | b7 bO 
($42) MD (SO4B, 
@ Entry arguments $0 4c) 4 | 
Data table a 4 SPY 


starting address 


“7 


L : b7 
service routine 
1% ? 
@) Return arguments 4 generis Bddrees St | Ojp,al 4 [5 | 


Fig. 1 Example of CCASE Execution 





Address ROM _ Description 
Data table 
starting 
> SOF | 
address >SQFOO ee aoe. 
mie S i ti starting 
Stine ervice routine 
6 address for command 'A' 
(Lower 8 bits) 
Hora Command 'B' 
string 2 Service routine starting 


address for command 'B' 
(lower 8 bits) 


Terminator 





Fig. 2 Data Table 


(c) When executing CCASE, data table as shown in Fig. 2 is necessary. 
Explanation of "Fig. 2 Data Table" is described as follows. 


(i) Data table consists of a sequence of 2-word data strings starting 
at SOFOO and a terminator ($100). 


(ii) In the 2-word data string, the first word is the command, and 
the second word is the lower 8 bits of the service routine — 
starting address. 
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DESCRIPTION 


(2) User Notes 


| 4. BRANCH FROM TABLE = 





HMCS400 SERIES |] LABEL 


As "$100" is used as a terminator, $0 should not be held in HCMMD,LCMMD (RAM) 
or in command words in the data table. 


(3) RAM Allocation 


Label 


HCMMD 
LCMMD 


CWORK 
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oO 
NYY Wo 


FrE+Di1C;BiA19481716151'413121110 


Ks 
oO 


ion 
Ww 


= | 


o oF 


“-o~ 
Epa 

Zo SES o 
On © 


-~o~ 
oP 2 
° 
oof 
oO Ww 
VY 








5 


o~ 
Bo pa 
© 
> 
Nw . 





Fig. 3 RAM Allocation 


Description 


Upper digit of command. 


Lower digit of command. 


Work area for saving Accumulator. 


4. BRANCH FROM TABLE 


DESCRIPTION 


(4) Sample Application 


HMCS400 SERIES CCASE 


Shown below is a sample application using CCASE with address space 
allocated as follows. 


MD(SOAC,SOAB) : Command to be searched for 


MD(SOAE,SOAD) : Data table starting address 





~ ERROR 


Note: 


LWI SO. pened Example with W=0. 
LAMD SOAC 
LMAD HCMMD : 
alata Store command in entry argument. 
LAMD SOAB 
LMAD LCMMD 
LAMD SOAE 
LBA Load data table starting address into 
" entry argument. 
LAMD SOAD 


] CALL CCASE |] ..... Call CCASE. 


BRS EPROR Cee Branch to ERROR if data table has no data 


corresponding to command. 
* (Note) 


Branch program 
to service routine 


Error program 


ORG SOFOO 

DC $141 

DC $1C6 

DC $142 

DC | $145 pb cote? Data table. 
; 

DC $100 


CCASE execution only stores service routine starting address in 
Accumulator and B register. For actually branching to service 


routine, use the program sequence described in next page. 
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4. BRANCH FROM TABLE 


DESCRIPTION 





HMCS400 SERIES CCASE 


CALL. GCASE |. ¢.es4- Call CCASE. 
BRS ERROR... If ST flag is set, branch to error program, 
TBR SEA Aakers Branch to service routine indicated by 


Accumulator (PC3 ~ PCo), B register 


ERROR | (PC7% PC4) and SE(PC1] ¥v PCg). 


(5) Basic Operation 


(a) Data stored at the address indicated by Accumulator and B register 
is referred to Accumulator and B register, using the table look-up 
function of the pattern generation instruction (P). 






ROM 
Program B Register Accumulator | ROM is 
; address 
LAI $3 Execution SOFL2 


LBI $1 
P SF [D] 


After executing the pattern generation instruction Note: 
in the above proegra nce D i i : | ; : 
: ; Dan lees iota rad » $C A Conte inc If blocked area (bit 8) is 
in B register and Accumulator (SCD is stored in 


i ROM 
lower 8 bits of word located at SOF13). $1 as ‘shown above, 
data is referred to 


Accumulator and B register 
after executing the P 
instruction. 

Fig. 4 ROM Table and the P Instruction 


(b) Accumulator and B register are used as a pointer to the data table. 


(c) Command in data table is read from the starting address, and 
compared with the input command using the pattern generation 
instruction (P). 


(d) If the data table command and input command are the same, service 
routine starting address, which is stored in the address following 
the command, is loaded into. Accumulator and B register using 
the pattern generation instruction (P). ST flag is then cleared 
and CCASE terminated. i 


(e) When data in data table is the terminator, ST flag is set and 
CCASE terminated. | 
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4. BRANCH FROM TABLE HMCS400 SERIES || LABEL CCASE 
FLOWCHART 


CCASE 


Y> A 
Load data table contents, 


specified by CCTAB, B register 


i, Load data table address into 
So OEY Accumulator and B register. 
Pattern CCTAB =i 


‘oe 
ro) 
a 
es) > «| 
+ [A + 
> = es 





Compare input command with 
data table command. 


A <> CWORK 


A#LCMMD 


A#LCMMD 


A=LCMMD 


and Accumulator, into B register 
and Accumulator. 
A <*> CWORK 
arr Test for data table command or 

terminator (Accumulator =SO0, 

A=$0 B register=S0). 
If terminator, set ST flag 

CCAS i 
3 “A#S0 and terminate CCASE. 
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4. BRANCH FROM TABLE 





FLOWCHART 
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If input command and data table 
command are the same, load service 
routine starting address into 
Accumulator and B register. 


Clear ST flag. 


If input command is different from 
data table command, add "2" to LSD 
of the data table address to compare 
with the next data table command. 


Test if LSD of data table address 
generates a carry. 


Increment the upper digit of data 
table address. 


4. BRANCH FROM TABLE = BRANCH FROM TABLE [4 BRaNcH FROM TABLE = || cu ]famcs00 senrzs| HMCS400 SERIES LABEL | CCASE | 
PROGRAM | PROGRAM LISTING | 


ST-NO OBJECT ADRS SOURCE STATEMENTS 





00001 010 0000 LLEN 132 
00002 JCIOIOIOIUIK OK IOI OIOIOK OK ACZOIOIOIIOIOIOIOIOIOIOIOIOIOIOIOIOIOROIOIOIOICIOROIOICEOI OR ICR OIG IOIOR OR OIDIOIOIOIOIOK ONE 
00003 x * 
00004 * NAME : BRANCH FROM TABLE (CCASE) ‘k 
0000S * * 
00006 HOR OISIOROFOIOIOIOIOIIOIOIIOI IC FOI IOIOIIOIOIOIGIOIOI I IOI OIICIGIOI IOI GI IOIOIGIOI IOI IOIOIC IOI NOI OR NOR HOR ie 
00007 x 1 
00008 * ENTRY : HCMMO,.LCMMOD (COMMAND > * 
00009 x Y. SPY (DATA TABLE STARTING ADOR) ™ 
00010 * RETURNS 7 ALB CSERVICE ROUTINE STARTING ADDR)* 
00011 * ST FLAG (ST20;:FOQUNO. ST#1;FALSE) * 
00012 * * 
00013 SOROROIIIOIQOOIIIICIOIOIOIOIOIOIO IO IOI IO OIC OIOI IO IOI IOI IOIDIOIOIOIIIOI II OR ID IOIOIOR HOI gO 
00014 * 
0001S HCMMD EQU $04C UPPER COMMAND ADDR 
00016 LCMMD EQU $048 LOWER COMMAND ADOR 
00017 CWORK EQU $04A WORK AREA ADOR 
00018 CCTAB EQU $F MSD ¢8-11BIT) OF DATA TABLE ADDRESS 
00019 * 
~ 90020 ORG $0100 
_ 00021 CCASE EQU * ENTRY POINT 
00022 OAF 0100 LAY LOAD Y INTO REGISTER(B) 
00023 0c8 0101 LBA 
00024 002 0102 XSPY LOAD Y INTO A 
00025 OAF 0103 LAY 
00026 1BF 0104 P CCTAB LOAD DATA TACLE ADDR INTO REGC(B)8A 
00027 2B0 0105 ALEI $0 A =< $0 ? 
00028 .180 064A 0106 XMAD CWORK 
- 00029 048 0108 LAB 
00030 319 0109 BRS CCAS3 BRANCH IF A = $6 
00031 104 04C O10A CCAS] ANEMD HCMMD INPUT COMMANOD(B) = OATA TABLE COMMAND? 
~Q0032 31¢ 010C BRS CCAS4 BRANCH IF NOT EQUAL 
» 00033 180 046A O100 XMAD CWORK 
00034 104 94B O10F ANEMD LCMMD INPUT COMMANDCA>) = DATA TABLE. COMMAND? 
00035 31C 0111 BRS CCASS BRANCH IF NOT EQUAL 
- Q0036 0S8 0112 LASPY 
00037 ocs 0113 LBA 
00038 (‘OSC 0114 ~ IY 
00039 OAF 0115 LAY 
~. 00040 1BF 0116 Pp : CCTAB LOAD SERVICE ROUTINE ADOR INTO REG(B)2ZA 
00041 280 Q117 : AI £0 CLEAR STATUS FLAG 
00042 010 0118 CCAS2 RTN 
00043 2B0 0119 CCAS3 ALET £0 A =< $0 ? 
00044 218 011A BRS CCAS2 BRANCH CCAS2 IF A = £0 
00045 300 0118 ERS CCAS1 BRANCH CCAS] IF A =7 $0 
00046 OSC 911C CCASG IY ADD 2 TO REGISTERCY) 
* 00047 OSC 0110 lv 
00048 002 Q1LE XSPY 
000469 200 OLIF BRS CCASE BRANCH IF REGISTERCY) =7 $0 
00050 OSC 0120 IY INCRE MENT REGISTERS YT? 
~ 00051 300 N12) BRS CCASE BRANCH Ta CCAS 
00052 oid 0122 RTN 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


HCMMD: Defines upper digit address of 8-bit command. 
LCMMD: Defines lower digit address of 8-bit command. 
CWORK: Defines address where Accumulator, used as work area, is saved. 


CCTAB: Defines MSD of the data table referred to by the 
pattern generation instruction (P). 
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5. CONVERT ASCII LOWERCASE INTO UPPERCASE 


FUNCTION 


Converts ASCII lowercase data using 7-bit ASCII arguments into uppercase 
data, loading result into Accumulator and B register. 


HMCS400 SERIES | LABEL | rer | | 












CHANGES IN CPU 






ARGUMENTS 


Returns 


1 digit= 4 bits SPECIFICATIONS 


Storage No. of 
Location | Digits 


REGISTERS AND FLAGS 












: Not affected 
: Undefined 
: Result 






1 word=10 bits | 


| ROM (Words) 
ee il 
ae Seas 








Lowercase 
(ASCIL) 





RAM (Digits) 






Stack (Digits) 
Pee ae ee 
No. of cycles 


14 - 
13 
No 
No 














ie: ieee 

| Reentrant © 
Relocatable 
Interrupt OK? 

(a. eee 





Uppercase 
(ASCII) 





g 
a! 
| DESCRIPTION 


(1) Function Details 
(a) Argument details 


. A,B : Holds ASCII lowercase. 
After TPR execution, contains the corresponding uppercase 
data. ; 


(b) Example of TPR execution is shown in Fig. 1. If entry argument 
lowercase 'a' ($61) is held in Accumulator and B register as 
shown in part. @ of Fig. 1, lowercase data is converted into 
uppercase 'A' ($41), and the result is contained in Accumulator 


and B register. | | » ek ae 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to convert $7 and SA held in Accumulator and B register, respectively. 
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5. CONVERT ASCII LOWERCASE INTO }5. CONVERT ASCII LOWERCASE INTO UPPERCASE [5. CONVERT ASCII LowERcASE INTO vePeRcASE  |[cu]|mcs4o0 SERIES HMCS400 SERIES || LABEL asen|[ TPR | 


[ _pescarerion | 
b7 A B bO 


A,B 
@ Entry argument {[iowercase ‘a ts fe 
$61 


| 


A,B b7 A B bO 


@) Return argument {[trPescas "| 
$41 | 


Fig. 1 Example of TPR Execution 


(2) User Notes 
(a) ST flag is set after TPR execution. 


(b) Data other than lowercase ASCII held in Accumulator and B ECenesee 
is destroyed after TPR execution. 


(3) RAM Allocation 
-RAM is not used during TPR execution. 
(4) Sample Application 


Shown below is a sample application using TPR with address space allocated 
as follows. 


MD ($0A2,$0Al1): ASCII lowercase 
After TPR execution, ASCII uppercase is contained. 





LWI SO 2 areas Example with W=0. 
LAMD $0A1 
LBA — & oinweas Load lowercase into entry argument. 
LAMD $0A2 
CALE” STPR™ ||. ease Call TPR. 
LMAD $0A2 


Store uppercase, contained in return 


LAB = A ew wes ; 
argument, in RAM. 


LMAD SOAI1 
; 
| 
I 
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5. CONVERT ASCII LOWERCASE INTO UPPERCASE 


DESCRIPTION 


(5) Basic Operation 


(a) Input data in Accumulator and B register is tested for lowercase, 
using comparison instruction (YNEI, ALEI). 


(b) After adding $E to input data using addition instruction (AI), bit 5 
of lowercase (bit 1 of Accumulator) is cleared as shown in Fig. 2 
and lowercase is converted into uppercase. 


{ 
Accumulator |! B Register 
i in eat ee ane “aes ein Sk aby ne ea 
t 
bit 7 6 5 4 3 2 1 0 
I 
a($61) O 1}1ijo | 0 00 1 
| 
b ($62) Oo 1fl1}o 10 0 1 0 
! 
c ($63) O 1#170;0 01 1 Lowercase (bit 5="1") 
| 
I 
z($7A) o 1fiiflaiz 01 0 
{ 
V7! 
| 
A($41)_ O 170]/0!'0 0 0 1 
j 
B($42) 0 1fofio'o o 1 O 
| 0s 
-€($43) O 1H0]0{\0 0 1 1 Uppercase (bit 5="0") 
3 | | 
| 
I 
| 
Z($5A) O 1y7O}1t1 0 1 0 


Fig. 2 7-bit ASCII Lowercase and Uppercase 


5. CONVERT ASCII LOWERCASE INTO UPPERCASE HMCS400 SERIES || LABEL 
FLOWCHART 


TPR 


____[ Load upper digit of ASCII 
lowercase into Y register. 


_ Load lower digit of ASCII 
— lowercase into Accumulator. 


Test if entry argument data is 
----| greater than lowercase ‘'a'. 
(Lowercase = 'a' v 'z') 


Test if entry argument data is 
aati less than lowercase 'z'. 
(Lowercase = 'a' v 'z") 





Clear bit 1.of upper digit in 
lowercase and convert lowercase 
into uppercase. 


2a 





RTN 
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} >. CONVERT ASCII LOWERCASE INTO UPPERCASE 
PROGRAM LISTING 





ST-NOQ OBJECT ADRS SOURCE STATEMENTS 








HMCS400 SERIES 





00001 100 0000 LLEN 132 

00002 OOO CCICIOK JOO IOI OIOIOI TORO IOIOIOIOIOIOIO HOR AOIOIOI IOI IOI ORO ORO IOI OR OR ACHOIOI HOR IOKOR IE dak 

00003 *x : + 

00004 * NAME : CONVERT ASCII LOWERCASE INTO UPPERCASE CTPR) * 

0000S * *« 

00006 BORIOOIOOIOOICIOIOIOR IO IOI GIOIOIOR I OIOIOOIOIOIOIOIOIOKOR OOO IOI CIO OI OR ROR IO IOI OK OR IO FOR OK OK 

00007 * * 

00008 * ENTRY A CUPPER 4 BITS OF ASCII LOWERCASE) K 

00009 * B CLOWER 4 BITS OF ASCII LOWERCASED * 

00010 * RETURNS A CUPPER 4 BITS OF ASCII UPPERCASE) * 

00011 a B CLOWER 4 BITS OF ASCII UPPERCASE) * 

00012 * * 

00013 FOIOIOIOIOIOR OOO IOI OICIOR IOI QIOR IORI OIOIOROO IOI ORO IOK ORO IOI IOIOI CIO OK IOR IO IOI OI OI ORO OI HOOK IOK OK 

00014 

00015 ORG $0100 

00016 TPR EQU *« ENTRY POINT 

00017 008 0100 LYA LOAD UPPER 4 BITS OF ASCII LOWERCASE 

00018 048 0101 LAB LOAD LOWER 4 BITS OF ASCII LOWERCASE 

00019 O76 0102 YNET $6 UPPER 4 BITS OF ASCII LOWERCASE=$6 7? 

00020 309 0102 BRS TPR3 BRANCH IF UPPER 4 BITS OF ASCII LOWERCASE =/$6 
00021 2BO 0104 ALEI $0 LOWER 4 BITS OF ASCII LOWERCASE =<$80 ? 

00022 308 0105 BRS TPR2 BRANCH IF LOWER 4 BITS OF ASCII LOWERCASE =<$0 
00023 OAF 0106 TPR1 LAY LOAD A FROM Y 

00024 28E 0107 AT SE CONVERT LOWERCASE INTO UPPERCASE 

00025 010 — 0108 TPR2 RTN 

00026 O77 0109 TPR3 YNETI $7 UPPER ASCII =£7 ? 

00027 308 GLOA BRS TPR2 BRANCH IF UPPER 4 BITS OF ASCII LOWERCASE=.'$7 
00028 2BA 0108 ALEI LA LOWER 4 BITS OF ASCII LOWERCASE=<$A ? 

00029 306 010C BRS TPR1 BRANCH IF A =< $A 


00030 208 0100 BRS TPR2 BRANCH IF A > $A 


| 6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL |] cu HMCS400 SERIES] | LABEL NIBBLE 
FUNCTION 


Converts 7-bit ASCII, '0' to '9' or 'A' to 'F' in Y register and Accumulator, 
into a l-digit hexadecimal number, loading result into Accumulator. 













CHANGES IN CPU 


SPECIFICATIONS 


ARGUMENTS 
1 digit= 4 bits 
Contents Storage No. of 
Location | Digits 


7 


Hexadecimal 
number 


REGISTERS AND FLAGS 








: Not affected 
: Undefined 
: Result 















1 word=10 bits 


ROM (Words) 
ee 
ae eee 

Stack (Digits) 






ee tO ed 


Returns 






Conversion or 
no conversion 


DESCRIPTION 


(1) Function Details 


Relocatable 
a (el 


No. 
1 
Interrupt OK? 





S 





(a) Argument details 


Y,A : Holds ASCII. After NIBBLE execution, contains a l-digit 
hexadecimal number in Accumulator. 


ST : Indicates status after NIBBLE execution. 
| ST=0 3 fadieaves ASCII range of '0' to '9' or 'A' to 'F’. 
ST=1 : Indicates ASCII other than '0' to '9' or 'A' to 'F’. 
(b) Example of NIBBLE execution is shown in Fig. 1. If entry argument 
is as shown in part @ of Fig. 1, data $F, converted from ASCII 


into a l-digit hexadecimal number, is contained in Accumulator 
as shown in part @ of Fig. 1. 


SPECIFICATIONS NOTES 


"No. in cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to convert $4 and $6 held in Y register and Accumulator, respectively. 


HITACHI 59 











6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL HMCS400 SERIES||LABEL |} NIBBLE 
DESCRIPTION : 


Y A 
Y,A b7 bO 
@ Entry argument ASCII = | 4 | 6 | 
$46 
ST A 
- b3 0 
l-digit 
@ Return arguments 4 | hexadecimal [0] 
number 


Fig. 1 Example of NIBBLE Execution 


(2) User Notes 


Data other than ASCII '0' to '9' or 'A' to 'F' held in Accumulator 
and Y register is destroyed after NIBBLE execution. 


(3) RAM Allocation 
RAM is not used during NIBBLE execution. 
(4) Sample Application 


Shown below is a sample application using NIBBLE with address space 
allocated as follows. 


MD($0A1,$0A0) : 2-digit ASCII 





MD ($02B) : l-digit hexadecimal number 
LWI SO- 83a wignaie Example with W=0. 
\ , 
LAMD SOAl1 
LYA ..-.- Load ASCII into entry argument. 
LAMD $0A0 


|CALL NIBBLE ||..... Call NIBBLE. 


If ASCII is other than '0' to '9' or 'A' to 


RS SKIP _..... j : 
PRS aaa _'F', branch to service routine. 


Store a l-digit hexadecimal number, contained 


b 3028 eee" in return argument, in RAM. 


SKIP Service routine for 
ASCII other than 


'O' to '9' or 'A' to 'F' 
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6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL HMCS400 SERIES || LABEL NIBBLE 
DESCRIPTION 


(5) Basic Operation 


(a) Data in Y register and Accumulator is tested if within range of '0' 
to '9' (f[=—SJarea in Table 1), using comparison instruction (ALEI). 


(b) Next, data in Y register and Accumulator is tested if within range 
of 'A' to 'F' ([L__Jarea in Table 1). 


(c) If data is other than above, ST flag is set and operation terminated. 


(d) After testing (a) and (b), ASCII is converted into a l-digit 
hexadecimal number. 


(i) If data is within range of '0' to '9', data in Accumulator is 
contained as return argument. 


(ii) If data is within range of 'A' to 'F', $9 is added to data in 
Accumulator to convert ASCII into a l-digit hexadecimal number. 


7 
111 


P 
q 
r 
S 
t 
u 
Vv 


Table 1 ASCII Table 


2 3 4 5 6 
010; O11]; 100} 101] 110 


SP 















NM WW FE Ye 
0 ON DlHN fF WHY HB | 
oA AO ot fh 


e ¥ Ww ~N  ©6© 
t+ > ~~ FAN KM MBM BZ AIA wa HH WO 
po aelee ee 


ym Oo OO wWlirFP Oo wWOn Din KF WwW HY KF OO 





oO 
; 
mr 
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6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL HMCS400 SERTES|| LABEL || NIBBLE 


NIBBLE 


Test if ASCII in entry 
argument is within range 
of '0' to '9'. 


Shee Test if ASCII in entry 
argument is within range 
of 'A' to 'F'. 





NIB4 


Convert ASCII into a l1-digit 
hexadecimal number. 
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NIBBLE 





HMCS400 SERIES 





6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL 


PROGRAM LISTING 


ST-NG OBJECT ADRS SOURCE STATEMENTS 





00001 100 0000 LLEN 132 

00002 FORIO OOK IOI OIOK OIOIOR IOI OIICIOR IOIOICI OOO IOI ICHOOCIOI IOI I OOK OK OOK OK Rk FOK IOK OK ACH 
00003 * * 
00004 * NAME : CONVERT ASCII INTO 1-DIGIT HEXADECIMAL “<NIBBLE)» 
00005 * * 
00006 OROIOIOICIOIOIOIORIOIOIOIOIOI OI OI CIO OO IO OOK IOI OK I IOI OKO OOK II AOR OK KOK IO KOK aks 
00007 * * 
00008 * ENTRY >: Y  CUPPER ASCII) >» 
00009 * A CLOWER ASCII) * 
00010 * RETURNS > A CHEXADECIMAL DATA) * 
00011 a ST FLAG (ST=1: CONVERTED, ST=O0:FALSED * 
00012 o * 
00013 OIOIOIORIOIOIOI OOK IC ZOIOR FOO ICICI IOI ICO ICHOR OIOK HOI IOI CIO DK OK IIR ICOKOK IK He 
00014 *« 

00015 ORG $0100 

00016 NIBBLE EQU * ENTRY POINT 

00017 073 0100 YNEI $3 UPPER ASCII = $3 ? 

00018 304 0101 BRS NIB1 BRANCH IF UPPER ASCII =/ $3 
00019 2E9 0102 ALET $9 LOWER ASCII =< $9 ? ; 

00020 30C 0103 BRS NTB3 BRANCH IF LOWER ASCII =< $9 
0002} 074 0104 NIB) YNET $4 UPPER ASCII = $4 ? 

00022 300 0105 BRS NIB4 BRANCH IF UPPER ASCII =/ $4 
00023 26 0106 ALEI $6 LOWER ASCII =< £6 ? 

00024 309 0107 BRS NIB2 BRANCH IF LOWER ASCII =< $6 
00025 300 0108 BRS NIB4 BRANCH IF LOWER ASCII > $6 
00026 2B0 0109 NI8B2 ALETI $0 LOWER ASCII =< $0 ? 

00027 300 010A BRS NIB4 BRANCH TF ASCII = £0 

00028 289 0108 AI $9 CONVERT ASCII INTO HEXADEC IMAL NUMBER 
00029 280 Q10C NIB3 AI $0 CLEAR STATUS FLAG 

00030 010 0100 NIB4G RTN 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII HMCS400 SERIES] | LABEL | BR@@) 3 @0s 
FUNCTION 


Converts 8-bit binary data, held in SPY register and Accumulator, into 
2-figure ASCII and stores result in RAM; uses 7-bit ASCII arguments. 


SPECIFICATIONS 


1 word=10 bits 


ROM (Words) | 


4 


Pai ae 
No. of cycles 


a eee 






CHANGES IN CPU 


ARGUMENTS 
. 1 digit= _ = 
Contents SEOnaEE 
Location cere 


Upper digit 
of 8-bit bi- 


nary number 










REGISTERS AND FLAGS 





: Not affected 
x : Undefined 
¢ : Result 












Lower digit 
of 8-bit bi- 
nary number 





Upper digit 
of ASCII 






Returns 










MD ($03B, 
$0 3A) 


Lower digit 
of ASCII 


DESCRIPTION 


(1) Function Details 





(a) Argument details 


SPY,A : Holds 8-bit binary number to be converted into 
ASCII. 
(SPY: Upper digit, A: Lower digit) 


MD($03D°$03A) : Contains 2-figure ASCII. 


Example of COBYTE execution is shown in Fig. 1. If entry arguments 
are as shown in part ® of Fig. 1, data, converted from 8-bit 
binary number into ASCII, is contained in MD($03D%$03A) as shown in 
part @ of Fig. 1. 





SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to convert $99 into ASCII. 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII HMCS400 SERIES || LABEL |} COBYTE 
DESCRIPTION 


SPY, Ab? * 0 
8-bit binary 
@ Entry arguments [number 
$F3 
b15 b0 


MD ($0 3D Vv $03A) 


@) Return arguments (27digit ASCII ) 


'"F'=$46, '3'=$33 
MD ($0 3D a $03A) 
Fig. 1 Example of COBYTE Execution 


(2) User Notes 
(a) ST flag is set after COBYTE execution. 


(b) After COBYTE execution, 8-bit binary number held in SPY register 
and Accumulator is destroyed. If 8-bit binary number needs to be 
retained after COBYTE execution, it should be saved in memory before 


execution. 


(3) RAM Allocation 


FIEIDICIBItA!9I81716151413121110 
~ PUpper# Lower 





| | ! 6. I. 
—~4—4--}-4-4--F- 
| 1 | | cia | 
AN cai Nite ees Ms ie Ne 
| 1 \ ' I 





Fig. 2 RAM Allocation 


Label RAM Description 
b7 b0O 


=, , Upper ASCII, which is converted from upper 4-bit of 
Yff77 8-bit binary number (held in SPY register). 


X and Y addresses are defined by XCOB and YCOB, 


MD ($03D, $03C) 
respectively. 
b7 bo Lower ASCII, which is converted from lower 4-bit of 
— 8-bit binary number (held in Accumulator). 
X and Y addresses are defined by XCOB and YCOB, 
MD($03B, $03A) respectively. 


HITACHI 65 

















7. CONVERT 8-BIT BINARY DATA INTO ASCII HMCS400 SERIES || LABEL || COBYTE 


DESCRIPTION 


(4) Sample Application 


Shown below is a sample application using COBYTE with address space 
allocated as follows. 


MD ($0A4,$0A3) : 8-bit binary data 
MD($OAD~ S$OAA) : 2-figure ASCII 


LWI $0 ++. Example with W=0. 
: 
LAMD $0A4 
LYA Load 8-bit binary number into entry 
XSPY argument. 
LAMD SOA3 
| CALL COBYTE |] ..... Call COBYTE. 
LAMD $03A | 
LMAD $OAA 
LAMD $0 3B 
LMAD $0OAB Store 2-figure ASCII, contained in return 
LAMD  $03C "*"* argument, in RAM. 
LMAD SOAC 
LAMD $0 3D 
LMAD SOAD 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII [7. CONVERT 8-BIT BINARY DATA INTO ascrz __||McU][uncs4o0 seRTES| HMCS400 SERIES ‘LABEL | COBYTE 


[ __escerprion | 


(5) Basic Operation 


(a) (i) If data in SPY register and Accumulator is within range of 
$0 to $9 (f([———JJarea in Table 1), $30 is added to the data. 


(ii) If data in SPY register and Accumulator is within range of 
$A to $F ([__Jarea in Table 1), $37 is added to the data. 


(b) Upper ASCII, converted from data in SPY register, is stored 
MD ($03D,$03C). Lower ASCII, converted from data in Accumulator, 


is stored in MD($03B,$03A). 
111 


Table 1 ASCII Table 









100 












ym OO WIi~PTr wo won DIU KF WD NY FY CO 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII HMCS400 SERIES |} LABEL || COBYTE 
| FLOWCHART : | 


COBYTE 


COBYTE 





XCOB> X | 9 ------ 


Load RAM address, where ASCII is 
stored, into X register. 


a Load LSD address, where ASCII is 
stored, into Y register. 


Convert lower 4 bits of 8-bit 
binary data into ASCII. 


Store lower digit of converted 
ate oof ASCII in RAM. 


PRUE Veer Increment Y address where 
ASCII is stored. 


Store upper digit of converted 
ASCII in RAM. 


ar 


—----[ Tnerenent Y address where 
| ASCII is stored. 


Load upper 4 bits of 8-bit 
binary number into Accumulator. 


Convert upper 4 bits of 8-bit 


~—-| Sones number into ASCII. 





Store lower digit of converted 
ASCII in RAM. 


Increment Y address where 
ASCII is stored. 


Oe ey 





ar Store upper digit of converted 
ASCII in RAM. 


RTN 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII HMCS400 SERIES || LABEL |} COBYTE 


Load $3 as the upper digit of ASCII 
eS ‘Or. t6°19", 
Test if data is less than $9 or 
greater than $A. When data is 


Z aati! less than $9, contents of 
oS B register and Accumulator 
can be used as ASCII. 


When data is greater than SA, 
subtract $9 from the data and 
load $4 into B register to. 
convert data into ASCII. 





CONTB1 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII 
PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 





HMCS400 SERIES COBYTE 


00001 O10 0000 LLEN 132 

00002 ORO OK AOIOR OI IOI OIOIOIOICOIOI GIO OK GIO IOIGIO II CIOR OR ICO ICICI EE ACIOIOIOI OK HORI OK 

00003 * * 

00004 »*K NAME : CONVERT 8-BIT BINARY DATA INTO ASCII CCOBYTE) * 

00005 * * 

00006 YOICIOK ZOIOIOIOROIOIOOOIC OIRO OI IOI II OR OIOOIOIIOI GI ZOKOIIOK IOI OR IO OI IO IORI OIOI CIO HOR K 

00007 * Kk 

00008 * ENTRY : SPY CUPPER 4 BITS OF 8-BIT BINARY DATA)» 

00009 * A CLOWER 4 BITS OF 8-BIT BINARY DATA) « 

00010 * RETURNS : MD($03D0.£03C) CUPPER ASCII) * ‘ 
00011 * MD($038.$03A) CLOWER ASCII) 1 

00012 * * 

00013 YOIOIOR OO IOIOROI IOI OTIC OR IOI IOI OO OK IOI OIG IOI OIOK IO HORDIOI IOI IOI IOIOI IO ICA HOI HOR K 

00014 7 Ok 

00015 xCOB EQU $3 ASCII ADOR(X) 

00016 YCOB EQU $A LSD ADORCY) OF ASCTI 

00017 * 

00018 ORG $0100 

00019 COBYTE EQU x ENTRY POINT 

00020 2235 0100 LXI XCOB LOAD ADDR(X> 

00021 21A 0101 LYI YCOB LOAD ADDRCY> 

00022 160 100 0102 CALL CONIB CONVERT LOWER 4 BITS BINARY INTO ASCII 
00023 050 0104 LMALY STORE UPPER ASCII AND INCREMENT ADDORCY>) 
00024 048 0105 LAB 

00025 0SO 0106 LMAILY STORE LOWER ASCII 

00026 058 0107 LASPY 

00027 160 100 0108 CALL CONIB8 CONVERT UPPER 4 BITS BINARY INTO ASCII 
00028 0S0 010A LMAILY STORE UPPER ASCII ANDO INCREMENT ADORCY) 
00029 OCO 0108 XMB STORE LOWER ASCII 

00020 010 010C RTN 

00031 * 

00032 203 0100 CONIB LBI $3 LOAD UPPER ASCII 

00033 289 OLOE ALET $9 ASCII = 'Q'-'9' OR ‘A'-'F? 2? 

00034 312 O10OF BRS CONIB81 BRANCH IF ASCII = ‘O'-'9' 

0003S 287 0110 AI $7 CONVERT BINARY DATA INTO ASCIT C’A'-'F') 
00036 204 01121 LBI $4 LOAD UPPER ASCII 

00037 010 9112 CONIBI RIN 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


XCOB: Defines X address of ASCII. 


YCOB: Defines LSD Y address of ASCII. 
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8. COUNT LOGICAL "1" BITS HMCS400 SERIES} } LABEL HCNT 
FUNCTION 


Counts number of logical "1" bits in 8-bit data string in HHBIT and LHBIT(RAM), 
and loads result into B register; permits easy parity checking. 













CHANGES IN CPU 
REGISTERS AND FLAGS 


ARGUMENTS 
1 digit= 4 bits 
Contents BEOESEE Nee 
Location | Digits 


SPECIFICATIONS 


: Not affected 
: Undefined 1 word=10 bits 


: Result ROM (Words) 


No. of cycles 


ey: 
Relocatable 
Interrupt OK? 





DESCRIPTION 


(1) Function Details 
(a) Argument details 


HHBIT,LHBIT(RAM): Holds 8-bit number in which number of logical "1" 
bits will be counted. 


B : Contains number of logical "1" bits in 8-bit number string. 


(b) Example of HCNT execution is shown in Fig. 1. If entry argument is 
as shown in part @ of Fig. 1, number of logical "1" bits is 
contained in B as shown in part @ of Fig. 1. 


(c) Contents of HHBIT and LHBIT(RAM) are saved after HCNT execution. 





SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required to 
count the number of logical "1" bits in $FF. 
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8. COUNT LOGICAL "1" BITS HMCS400. SERIES || LABEL HCNT | | 


DESCRIPTION 


HHBIT,LHBIT b7 HHBIT LHBIT bO 


@: titan: (RAM) pk Pe a oto. [ol 


(8-bit number $76) | 


b3 B_ bO 


B 
@ Return srsmene] Cine of oo 


"1" bits = $5 
Fig. 1 Example of HCNT Execution 


(2) User Notes 


ST flag is set after HCNT execution. 


(3) RAM Allocation 


FIEIDICIBIAI9I817161t51413121110 





Fig. 2 RAM Allocation 








Label RAM Description 
b3 b0O 
HHBIT V7 Upper digit of 8-bit number for counting number 
CSY of logical "1" bits. 
MD($04D) 
b3 b0 
Lower digit of 8-bit number for counting number 
LHBIT =LSD = of logical "1" bits. 
MD($04C) 
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8. COUNT LOGICAL "1" BITS HMCS400 SERIES |} LABEL HCNT 


DESCRIPTION 


(4) Sample Application 


Shown below is a sample application using HCNT with address space 
allocated as follows. 


MD(SOAD,$OAC): 8-bit number 


MD ($OBD) : No. of logical "1" bits in 8-bit number string 





LWI SO 9 week Example with W=0. 
' 

LAMD SOAD 

LMAD HHBIT 


sidparars Store 8-bit number in entry argument. 
LAMD S$OAC 


LMAD LHBIT 


CALL SHCNT’ ll) avaus Call HCNT. 


LAB } Store number of logical "1" bits, contained 
LMAD SOBD in return argument, in RAM. 
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8. COUNT LOGICAL "1" BITS HMCS400 SERIES || LABEL HCNT 
DESCRIPTION . 


(5) Basic Operation 
(a) In HMCS400 series, when counting number of logical "1" bits is 
performed with 2 or more digits, the same operation is repeated for 
each digit. In this program, upper digit of 8-bit data is counted 
first, and then lower digit is counted. 


(b) Y register is used as a counter to count 4 bits. 


(c) Data in Accumulator is loaded into CA flag bit by bit using rotation 
instruction (ROL). 


(d) CA flag is tested. When CA flag is "1", B register is incremented. 
When CA flag is "0", no operation is performed. 


(e) Y register is decremented every time (d) is executed. 


(£) Operation loops from (c) to (e) until Y register is $F, to obtain 
number of logical "1" bits in upper digit. 


(g) Number of logical "1" bits in lower digit is obtained by repeating 
steps (b) to (f). 
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8. COUNT LOGICAL "1" BITS HMCS400 SERIES || LABEL HCNT 
FLOWCHART 







to count the number of logical 


[ove counter (HI bit counter) 
iY bites 


__..... Load upper digit of 8-bit data 
- into Accumulator. 


Call subroutine HC to count 
ee aieee) 1l-digit logical "1" bits. 


fie ees Load lower digit of 8-bit data 
into Accumulator. 


Call subroutine HC to count 
l-digit logical "1" bits. 


~e eee 





Store rotation counter. 


[ y 


Load MSB of 4-bit data into CA 
flag. 


__| Test whether one of 4-bit data 
contained in CA flag is "1" or 


ae 


“Oot 


If data in CA flag is "1", 
increment HI bit counter. 


— 


Decrement rotation counter and 
test if all bits are counted. 


om am ae 
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8. COUNT LOGICAL "1" BITS HMCS400 SERIES || LABEL HCNT 


PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 010 0000 LLEN 132 

00002 {CO CICIOR ICI ORIOIOR IOI III ORO OR IGIOI UI ICIOK ACIOI FOO OKO III OR I OOO KHOI OK AOR 
00003 * * 
00004 * NAME : COUNT LOGICAL "1" BITS CHENT) * 
00005 * * 
QO006 OK OROIOR OR OI ROK OOK ORO FOR OR OIOROROIOR HOR AOR ROK ACR OR TORK IOIOROI OI FOR ORR HO ROIOK IHC ACK AOI FOROKOOK OIC 
00007 * * 
00008 * ENTRY SHHBIT CUPPER 4 BITS OF DATAD * 
Q000% San LHBIT «LOWER 4 BITS OF DATA) K 
00010 * RETURNS 7B CNUMBER OF LOGICAL "1"' BITS)» 
00011 * # 
00012 ROOK OIRO TORO IOI OK IOI OIRO ICC IOI OR IOI OR I IOI OR IO AOKOR OK IOI OK OR HORII OH OIOK 
00013 * 

00014 HHBIT EOU $040 UPPER 4-BIT DATA ADDR 

00015 LHBIT EQU © $04C LOWER 4-BIT DATA ADDR 

00016 * 

00017 ORG $0100 

00018 HCNT EQU * ENTRY POINT 

00019 200 0100 LBI $0 CLEAR HIGH BIT COUNTER(B) 
00020 190 040 O101 LAMD HHBIT LOAD UPPER 4-BIT DATA 

00021 160 10A G103 CALL HC CALL 1 DIGIT COUNTER SUBROUTINE 
00022 190 046C 0105 LAMD LHBIT LOAD LOWER 4-BIT DATA 

00023 160 10A 0107 CALL HC CALL 1 DIGIT COUNTER SUBROUTINE 
00024 010 0109 RTN 

0002S 213 010A HC LYI $3 LOAD ROTATION COUNTERCY) 

00026 OA1 0108 HC 1 ROTL ROTATE 8-BIT OATA LEFT 1 BIT 
00027 O6F 010C TC TEST CARRY 

00028 30F 0100 BRS HC2 BRANCH IF CA = 1 

00029 310 010E BRS HC3 BRANCH IF CA = 0 

00030 O04C O10F HC2 Ie INCREMENT HIGHT BIT COUNTER‘(B> 
00031 ODF 0110 HCO3 OY DECREMENT ROTATION COUNTERCY) 
00032 308 0111 BRS HC1 LOOP UNTIL ROTATION COUNTER‘ Y) = $F 
00033 O10 0112 RTN 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


HHBIT: Defines upper digit address of 8-bit number. 


LHBIT: Defines lower digit address of 8-bit number. 
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9. SHIFT 8-BIT DATA HMCS400 SERIES| | LABEL 
FUNCTION 


Shifts 8-bit binary data stored in RAM a specified number of times to the 
right. 










ARGUMENTS 






1 digit= 4 bits 


No. of 
Contents Storage i oth 
Location | Digits 


Unsigned 
8-bit binary MD ($033, 
number to be $032) 2 
Entry | shifted to 
the right 
Shift result 


DESCRIPTION 


(1) Function Details 









SPECIFICATIONS 





CHANGES IN CPU 
REGISTERS AND FLAGS 


: Not affected 


: Undefined 1 word=10 bits 


e ReSUEt 
| No. of cycles | 







No. of cycles 
a NO 5 neo wad 
Relocatable 
eae ae 
Interrupt OK? 








MD ($033, 





(a) Argument details 


MD ($033,$032): Holds 8-bit binary number to be shifted to the right. 
After SHR execution, contains shift result. 


Holds number of shifts. 
Contents of B = Number of actual shifts - l 
(See (2) User Notes) 


(b) Example of SHR execution is shown in Fig. 1. If entry arguments 
are as shown in part (@) of Fig. 1, 8-bit binary number is shifted 
to the right as shown in part @ of Fig. 1. 
In this case, "0"'s are shifted into the 2 leftmost bits. 










SPECIFICATIONS NOTES 





"No. of cy¢les" in "SPECIFICATIONS" indicates the number of cycles required 
to shift 8 bits of binary data 3 bits to the right. 






HITACHI 77 


9. SHIFT 8-BIT DATA | HMCS400 SERIES |] LABEL 
DESCRIPTION 


b3 » 40 


p(s) 
b7 MD ($033 ,$032) b0 


($033,$032) 
<a CHEW CHD] TES 


AN, 


® return argunene 4¥6$233-893 o4fo ToT Jz] [5] o] 1] 0] 


Bes ony 


Q) Entry arguments 


Fig. 1 Example of SHR Execution 


(2) User Notes 
(a) ST flag is set after SHR execution. 
(b) When specifying number of shifts, load B register with number of 
actual shifts less 1. In part @ of Fig. 1, $1 is held in B register 


Since number of actual shifts is 2. 


(c) Number of shifts in B register must be within the range of 
SO $ B § $7, otherwise MD($033,$032) becomes "0". 


(d) Shift operation permits easy multiplication of 8-bit binary number 
by 2. (m = number of shifts) 
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9. SHIFT 8-BIT DATA HMCS400 SERIES || LABEL 


DESCRIPTION 


(3) RAM Allocation 





! 
a a 


{ 
t 
wo el mee pe 
y 1 ' ( 
{ , 1 { 
eg ee eal 
' 
' 1 \ ! ' 


a2 


Fig. 2 RAM Allocation 


Label RAM 


b7 b0 
_ YY Gp 
MLL 


MD($033, $032) 





Description 


Holds 8-bit binary number to be shifted to the 
right before execution. 

Contains shift result after execution. 

X and Y addresses are defined by XSFT and YSFT, 
respectively. 


HITACHI 79 











}9. SHIFT 8-BIT DATA SHIFT 8-BIT DATA 9. sumer e-prr pata, | [cu |fitncsao0 sentes) HMCS400 SERIES || LABEL aver] sue | 
| ‘DESCRIPTION | 


(4) Sample Application 


Shown below is a sample application using SHR with address space 
allocated as follows. | 


MD($0A3,$0A2) : 8-bit binary number to be shifted 


MD ($0A4) > No. of shifts 


MD($0A6,$0A5) : 8-bit binary shift result 





LWI SO saga eee Example with W=0. 
! 
LAMD $0A3 
LMAD $033 Store 8-bit binary number to be shifted 
LAMD $0A2 to the right in entry argument. 
LMAD $032 
LAMD $0A4 \ Load number of shifts into entry 
LBA argument. 
| CALL SHR I, "ata Call SHR. 
LAMD $033 
LMAD $0A6 Store shift result, which is contained 
LAMD $032 ce" "* in return argument, in RAM. 
LMAD SOAS 


(5) Basic Operation 
(a) 8-bit binary number is shifted to the right 1 digit at a time. 
(b) B register is used to count the number of shifts, and is decremented 


each time (a) is executed. 
Operation loops to (a) until B register becomes $F. 
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SHR 


XSFT > X 





om eon 


po ih a 


a 2 





Load address of 8-bit binary 
number to be shifted into 
X and Y registers. 


Clear CA flag to clear MSB. 


Rotate upper digit of 8-bit 
binary number to the right and 
set LSB of upper digit to MSB 
of lower digit. 


Decrement Y address of 8-bit 
binary number. 


Test if all digits of 8-bit 
binary number are rotated 
1 bit to the right. 


Decrement shift counter. 


Test if shift is completed. 
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HMCS400 SERIES || LABEL 














9. SHIFT 8-BIT DATA 





HMCS400 SERIES 





PROGRAM LISTING 


OBJECT ADRS SOURCE STATEMENTS 


ST-NO 


00001 
00002 
00002 
0000s 
00005 
00006 
00007 
00008 
00009 
00010 
QOO011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
000s? 
0023 
00024 
00025 
ON0Z6 
QOL 7 
OOZES 
ANNES 
Onds0 


010 


223 
213 
OEC 
0°0 
QAO 
O00 
OP? 1 
303 
OCF 
201 
o10 


0000 LLEN 132 
ROR IOIOROK FO OIOICIOIOIOIOR OR IOK IOI OOK HOR ICACOROR OI COR OIOIOR BORGIR OK ROR OK OR OR IOIOR ROK FORK CHOI 
* MK 
* NAME : SHIFT 8-BIT DATA CSHR) * 
* a 
TARO AC ROK OICAOK ROR OIOK OIOI ORO OK ORO AOR OR HOR OICKOR IORI OR OK OR HOR HOR OOK OK AOR OKO AU 
* : aK 
* ENTRY > MOC $033.$0232) (8-BIT BINARY DATA) x 
* B CSHIFT COUNTER) * 
* RETURNS > MD($033.%032) (8-BIT BINARY DATA) x 
* * 
JO KOR OK OCA FOR ROI ORO HOR IOI ICKOK ICIOIOROR HOR OR HOR ICICI OCA OOICHOR ICE OR IOROROK KOK OK KOH MOF 
* 
XSFT EQU $3 8-BIT BINARY DATA ADDRCX) 
YSFT EOQU $3 8-81T BINARY DATA ADDR CY) 
BASFT EQU $1 8-BIT BINARY DATA LSD ADDR(Y)-1 
* 

ORG $0100 

SHR EOU * ENTRY POTNT 

0100 LX] XSFT LOAD ADDR(X > 

0101 SHRI LYI YSFT L.GAD ADDR< > 

O102 REC 

11103 SHR2 LAM LOAD BINARY DATA 

0104 RGTR ROTATE BINARY DATA 

Q1L0S LMADY STORE SHIFT DATA AND DECREMENT ADORE Y) 

0106 YNET BASFT 

0107 BRS SHRO 

0108 DB DECREMENT SHIFT COUNTER 

010% BRS SHR 1 LOOP UNTIL SHIFT CONNTER = 40 

0108 RTN 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


XSFT: 


YSFT: 


BASFT: 
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Defines X address of 8-bit binary number to be shifted 
to the right. 


Defines MSD Y address of 8-bit binary number to be shifted 
to the right. 


Defines LSD Y address less 1 of 8-bit binary number to be 
shifted to the right. (YSFT-$2; if this is negative, 
value should be defined as SF.) 


10. 4-DIGIT BCD COUNTER HMCS400 SERIES} | LABEL DECNT 
FUNCTION 


Increments 4-digit BCD counter; permits easy counting of interrupts 
(external, timer, etc.). 





















CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


ARGUMENTS 
1 digit= 4 bits 
Contents pronase NOs Jee 
Location | Digits 


: Not affected 
: Undefined 


: Result 






1 word=10 bits 


ROM (Words) 
a eee 
Stack (Digits) 


eee OO 


0 
4 
30 
|_Relocatable _—isf 
No 
es 















4-digit MD ($03D %™ 


BCD counter 


4 









Returns er eee Relocatable 


$03A) 
no overflow 


_ 
DESCRIPTION 


(1) Function Details 


No. 
Interrupt OK? 





(a) Argument details 


MD ($03Dv $03A): Used as a 4-digit BCD counter, incremented by every 
DECNT execution. 


CA : Indicates counter status after DECNT execution. 
CA = 1 : Indicates counter overflows. (See Fig. 2) 
CA = 0 : Indicates counter incremented normally. 


(b) Example of DECNT execution is shown in Fig. 1. When DECNT is executed, 
4-digit BCD counter is incremented as shown in part @ of Fig. 1. 


SPECIFICATIONS NOTES 
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10. 4=DIGIT BCD COUNTER | HMCS400 SERIES DECNT 
DESCRIPTION 
blL5 MD ($03D Vv $03A) bO 


© retore execution4 Gomrsom [aT o To [a 


CA b15 MD($03D%$03A) b0 


© steer exection { cen s050 [0] Le fx To To 


Fig. 1 Example of DECNT Execution 


ier eee 


Fig. 2 Example of Counter Overflow 
(2) User Notes 


(a) ST flag is set after DECNT execution. 


(b) If counter overflows as shown in Fig. 2, counter is cleared. 


(3) RAM Allocation 





Fig. 3 RAM Allocation 


| Description 
Label RAM 


bl 4-digit BCD counter. 


X and Y addresses are defined by XDCNT 


and YDCNT, respectively. 
MD ($03D \$03A) | 
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10. 4-DIGIT BCD COUNTER HMCS400 SERIES || LABEL DECNT 
DESCRIPTION 


(4) Sample Application 


Shown below is a sample application using DECNT with address space 
allocated as follows. 


MD(SOAD~™ SOAA) : BCD counter 


LWI SQ: “can Example with W=0. 
1 
| 
| CALL  DECNT jj..... Call DECNT. 
TC ! sae If BCD counter overflows, branch to 
BRS OVER service routine. 
LAMD $03A 
LMAD SOAA 
LAMD $03B 
LMAD $0AB Store counting result of 4-digit BCD counter, 
LAMD $03C “**** contained in return argument, in RAM. 
LMAD SOAC 
LAMD $03D 
LMAD S$OAD 





OVER Service routine in case of overflow 
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10. 4-DIGIT BCD COUNTER HMCS400 SERIES || LABEL DECNT 
DESCRIPTION 


(5) Basic Operation 
(a) X and Y registers are used as a pointer to BCD counter in RAM. 
(b) CA flag is set before incrementing. 
(c) Formula 1 below and decimal adjustment are performed using the AMC 
and DAA instructions, respectively. CA flag is set if addition 
of a digit generates a carry or overflow after the fourth digit. 


M+ $0 + CAA ........- (Formula 1) 


(d) Y register is incremented. Operation loops to (c) until 4-digit 
process is completed. 
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10. 4-DIGIT BCD COUNTER HMCS400 SERIES |} LABEL DECNT 
FLOWCHART 


DECNT 


DECNT 


XDCNT > X 


YDCNT > Y 


l> CA | ------- Set CA flag and clear Accumulator 


Load LSD address of 4-digit BCD 
counter into X and Y registers. 


, to increment BCD counter. 








DECNT1 


In the first loop, increment LSD in 


4-digit BCD counter. | 
M+A+CA >A bets From the second loop on, perform addition 
considering carry generated from the 


previous addition. 
Decimal adjust 
Adjust addition result into decimal, 


oo and load result into RAM for 
4—digit BCD counter. 


eee ae eee: Y address of 4-digit 
BCD counter. 





mea Test if counting by 4-digit BCD 
counter is completed. 
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10. )10. 4=DIGIT BCD COUNTER BCD COUNTER [30. 4prcrr scp corer =| [uc ]famcsco0 sets) HMCS400 SERIES LABEL, | DECNT | 


PROGRAM [ _Procram tistine | 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 010 0000 LLEN 132 

00002 YIGOROIOIOIOIOIOICAOIOIOIOROIOIOIIOIOIOK HOR IIOR OOK CCG IICI IOI OIG IO I OR IOI IO HOO IO I AOK AE 
00003 * a 
00004 * NAME : 4-DIGIT BCD COUNTER (CDECNT) K 
00005 * ‘ 
00006 JOK ZOO ORO IOIOIOROIOIOIOI OR OI ISI OK FOR ACI OIC ACIOR OOOO OIOIOI IO IORI HOR I KI OOK 
QOdDO? * K 
O00 * ENTRY : NOTHING * 
OO009 + RETURNS > MOC $030~-$038)¢4-DIGIT BCD COUNTER? a 
Goo10 * CA FLAG (CA=Q0; INCREMENTED, CA=1 ; OVERFLOW) * 
00011 * * 
00012 JO OR GIORGIO OIRO IO OIICIOIIOK IOI TOK TORK IOK ACICIOROIOICIOR AIOE ICICI HOR ACHR EOI IOICK 
00013 * 

00014 XDOCNT EQU $3 BCD COUNTER ADODR(X) 

00015 ‘DENT EOU fA BCD COUNTER LSD ADDRCY) 

00016 BADCN EQU $E BCD TERMINATOR FOR ADDRCY) 

00017 * 

00018 ORG $0100 

00019 DECNT EQU * ENTRY POINT 

00020 223 0100 LXI XDCNT LOAD ADORCX) 

00021 21A 0101 LYI YDCNT LOAD LSD ADDRCY) 

00022 OEF 0102 SEC SET CARRY FLAG 

00023 230 0103 DECNT1 LAT $0 CLEAR A 

00024 018 0104 AMC INCREMENT BCD COUNTER 

Q002S OAG 0105 DAA CONVERT INTO 8CD DATA 

00026 050 0106 LMAIY STORE 6CO COUNTER AND BCD DATA 
00027 O7E 0107 YNET BAOCN REGCY) =/ BCD COUNTER ? 

00028 303 0108 BRS DECNT1 LOOP UNTIL REGCY) = BCD COLINTER 
ONN29 010 0109 RTN 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


XDCNT: Defines X address of 4-digit BCD counter. 
YDCNT: Defines LSD Y address of 4-digit BCD counter. 
BADCN: Defines loop terminator value for comparison with 


incremented Y address. (YDCNT + $4; if this is 
overflow, value should be defined as $0.) 
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11. COMPARE 8-BIT BINARY DATA HMCS400 SERIES}| | LABEL 
FUNCTION 


Compares 2 groups of 8-bit binary data and loads result into B register 
corresponding to >, =, or <; uses unsigned integers as entry arguments. 


SPECIFICATIONS 


1 word=10 bits 


ROM (Words) 
Saar Sera 
Stack (Digits) 






ARGUMENTS 
1 digit= 4 bits 
Contents Storage No. of 
Location | Digits 

Entry 


| MD ($043, 
Second value $042) 2 
Returns 


DESCRIPTION 


(1) Function Details 












CHANGES IN CPU ! 
REGISTERS AND FLAGS 


: Not affected 
: Undefined 
: Result 












ne eel 







| Reentrant | 





Comparison as eee 
result Relocatable 


No. 
Interrupt OK? 





(a) Argument details 
MD ($033,$032) : Holds the first value of 8-bit binary number. 
MD ($043,$042) : Holds the second value of 8-bit binary number. 
B : Contains $0, $1 or $2 according to comparison result. 
(b) Example of CMP execution is shown in Table 1. 


If entry arguments are as shown in Table 1, one of 3 codes ($0, $1, 
$2) is contained in B register according to comparison result. 


(c) Entry arguments are saved after CMP execution. 









SPECIFICATIONS NOTES 





"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to compare 2 values which are the same. 
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‘11. COMPARE 8-BIT BINARY DATA 


DESCRIPTION 





HMCS400 SERIES LABEL 


Table 1 Example of CMP Execution 


Greater 
or less register 


Ca] 


$2 





(2) User Notes | 
(a) ST flag is set after CMP execution. 
(b). When upper digit is not needed, "0" must be stored in upper digit. 
Otherwise correct data cannot be obtained since comparison is 


performed with undefined data in upper digit. 


(3) RAM Allocation 


r-- 
i 
foe 
I 
I 


1 
I 
- 
| 
| 
tr 





Fig. 1 RAM Allocation 


Label RAM a Description 
b7 bO First value of 8-bit binary number. 


X and Y addresses are defined by XCMD and 
YCMT, respectively. 


| 
\ 
: 
NS 


‘b7 bO | Second value of 8-bit binary number. 
X and Y addresses are defined by XCMT and 
YCMT, respectively. “) . | 
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11. COMPARE 8-BIT BINARY DATA HMCS400 SERIES |] LABEL 
DESCRIPTION 


(4) Sample Application 


Shown below is a sample application using CMP with address space allocated 
as follows. 


MD($0A3,$0A2) : First value of 8-bit binary number 


MD($0B3,$0B2) : Second value of 8-bit binary number 





LWI SOL 0k aiaeeets Example with W=0. 
LAMD $0A3 
LMAD $0 33 | ee Store the first value of 8-bit binary number 
LAMD SOA2 in entry argument. 
LMAD $032 
LAMD SOB3 
LMAD “4 —— Store the second value of 8-bit binary number 
LAMD $0B2 in entry argument. 
LMAD $042 
ae a ee | eee Call CMP. 
LAB 
aust 80 | ae acne pit devil 
BRS SKIP1 
ALEI $1 Branch to service routine for 
BRS ome “sae First value > Second value 
ALEI $2 Branch to service routine for 
BRS oo oe First value = Second value 


JMPL SKIP4 


(Continued on next page) 
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11. COMPARE 8-BIT BINARY DATA HMCS400 SERIES |] LABEL 


DESCRIPTION | 


(Continued from previous page) 


Service routine in case of 





SKIP1 First value < Second value 
JMPL SKIP4 
Service routine in case of 
SKIP2 First value > Second value 
JMPL SKIP4 
Service routine in case of 
SKIP3 First value = Second value 
SKIP4 


(5) Basic Operation 


(a) In HMCS400 series, when comparison is performed with 2 groups of 2 or 
more digits, the same operation sequence is repeated for each digit. 


(b) After execution of comparison instruction (ALEM), result is contained 
in B register. 


(c) Upper digits are compared using comparison instruction (ALEM). 
(i) If upper digits are the same, lower digits are then compared. 


(ii) If not the same, CMP is exited. 
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11. COMPARE 8-BIT BINARY DATA HMCS400 SERIES || LABEL 
FLOWCHART 


Load MSD of RAM address, where 
the first and the second values 
are stored, into X and Y registers. 


ae 


Clear B register where comparison 
result is stored. 


hy 


Load the second value from MSD. 


| 
a 


Load X address where the first 
value is held. 


oe 


Compare first value with second 
one. 


7 


Test if the first and second 
values are the same. 





eee 


oad X address where the second 
value is stored. 


oy 


ecrement Y address where the first 
and second values are stored. 


| 


Test if comparison for all digits 
is completed. 


era Fe 


Store comparison result in B register. 


| 
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11. COMPARE 8-BIT BINARY DATA | 





LABEL || 





HMCS400 SERIES 








PROGRAM LISTING 


ST-NO 


00001 
00002 
00003 
00004 
O0a005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00022 
Ono024 
OHNS 
00026 
00027 
00028 
N00L9 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
09038 
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OBJECT ADRS SOURCE STATEMENTS 


010 9000 LLEN 132 
IORI OOK ORO IOI OK OR OIOROR OK ROOK HOR OIOIOROI RIOR OK ECHOR OK OK OI OIOIOOR OKO OFOR OIRO OIOHOK BOK IOK 
* * 
* NAME : COMPARE 8-BIT BINARY DATA (CMP) * 
* * 
FIOCIOIOIOR OR HOR IORI OIC IOIOI OK ICCOROIOK AOR AC IOICA OR OR OICIOK OK OK OK AOR KOK OKO OCHO OK A ak 
tk * 
* ENTRY > MD($033,.$032) CFIRST VALUE) * 
* MO($043.$042) (SECOND VALUE) « 
* RETURNS. : B (COMPARISON RESULT) ok 
* * 


OK IOK ICIOK HOR OK OR OK ICR IOI OK IOK OOK OR ICO HOR IOIOK I OIOK HOR HOR OK IOK HOR OK IOROR OK OK 
* 


XCMD EQU $3 FIRST VALUE ADDRCX>) 
XCMT EQU $4 SECOND VALUE ADDR cY> 
YUMT EQU $3 MSO ADDR(Y) OF FIRST & SECOND VALUE 
BACMT EOU $1 1.O0P TEMINATOR FOR ADOR(X) & ADDRCY) 
* 
ORG $0100 
CMP EQU * ENTRY POINT 
223 0100 LXxI XCMO LOAD FIRST VALUE ADDRCSPX> 
001 0101 XSPX 
224 0102 LxI XCMT LOAD SECOND VALUE ADDR CX > 
213 103 LYT JYCMT LOAD SECOND VALUE ADDR CY) 
200 0104 LAI tO CLEAR B 
091 0105 CMF] L.AMX LOAQ SECOND VALUE 
O14 0106 ALEM DETERMINE RELATION 
20? 0107 BRS CMP2 BRANCH IF A =< M 
311 0108 BRS CMP4 BRANCH IF A > M 
004 0109 CMPZ ANEM TEST IF A = M ? 
310 G10A BRS CMPS BRANCH TF A = M 
001 0108 xSPX LOAD SECOND VALUE ADDRCX) 
ODF 010C DY DECREMENT ADDRCY) 
O71 0100 YNET BACMT TEST LOOP COUNTER 
305 O10E BRS CMP 1 BRANCH IF Y-=/ LOQF COUNTER 
O4c O10F IB INCREMENT 8 (RESULT) 
04C 0110 CMP3 1B INCREMENT B CRESULT) 
O10 O111 CMP4 RTN 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


XCMD: Defines. X address of the first value. 

XCMT: Defines X address of the second value. 

YCMT: Defines MSD Y address of the first and second values. 
BACMT: Defines loop terminator value for comparison with 


decremented Y address. (YCMT-$2; if this is negative, 
value should be defined as $F.) 


12. ADD 8-BIT BINARY DATA HMCS400 SERIES] | LABEL 
FUNCTION 


Performs addition of 8-bit binary data in RAM, and stores result in RAM; 
uses unsigned integers as arguments. 











CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


ARGUMENTS 
1 digit= 4 bits 
| __sontents 


cae 
Entry 
Addend 


Addition 











Storage 
Location 





e : Not affected 
x :; Undefined 
: Result 





1 word=10 bits 


es eee 
ai a 








RAM (Digits) 


Stack (Digits) 


ae eee, 












result 

Returns a eres 
Relocatable 

Carry or Ie pet NOae tee oan 







14 

4 

No. 

16 

No 

No 
Interrupt OK? 


no carry 


DESCRIPTION 


(1) Function Details 
(a) Argument details 


HAUG, LAUG(RAM): Holds augend of 8-bit binary number. After ADD 
execution, contains addition result. 


HADD, LADD(RAM): Holds addend of 8-bit binary number. 


CA, ST : Indicates whether a carry is generated or not after 
ADD execution. 


CA=1, ST=1 : Indicates a carry is generated in addition result. 
. (See Fig. 2) | 


CA=0, ST=0 : Indicates no carry is generated in addition result. 








SPECIFICATIONS NOTES 
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12. ADD 8-BIT BINARY DATA , HMCS400 SERIES || LABEL 
DESCRIPTION 


(b) Example of ADD execution is shown in Fig. 1. If entry arguments are 
as shown in part @ of Fig. 1, addition result is contained in HAUG, 
LAUG(RAM) as shown in part @) of Fig. 1. 


HAUG LAUG 
b7 b0 
| HAUG, LAUG(RAM)($20) [2 [ 0 ] +——— Augend 
@ Entry arguments 
| HADD LADD 
+) HADD, LADD(RAM) ($B0) Ls 7 6] «+ Addend 
CA HAUG LAUG 
b7 b0 ; 
Addition 
@ Return a eo ——~ result 
arguments ($D0) ST 


Fig. 1 Example of ADD Execution 


CE] = sagen 
+) [aT 4 ]+—Addena 
CA 
<—Addition result 
ST 


Fig. 2 Example of Addition When Carry is 
Generated 


(2) User Notes 


(a) When upper digit is not needed, "0" must be stored in upper digit as 
shown in Fig. 3. Otherwise correct addition result cannot be obtained 
Since addition is performed with undefined data in upper digit. 


+) <— Addend 


8 I om | | 
[0 ] «— Addition result 
ST 


Fig. 3 Example of Aveieton When UPPEr: 
Digits. are not Needed 
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12. ADD 8-BIT BINARY DATA HMCS4OO SERIES || LABEL 
DESCRIPTION 


(b) After ADD execution, augend is destroyed since addition result is 
contained in HAUG and LAUG(RAM). If augend needs to be retained 
after ADD execution, it should be saved in memory before execution. 


(3) RAM Allocation 


a <n en 
ne 


t 
' 
' 
=< 
' 
' 
t 


' 
T---- 


-4— — — 





Fig. 4 RAM Allocation 
































Label RAM Description 
b3 bO 
77 Upper digit of 8-bit binary augend before 
HAUG CES execution. 
MD ($03D) Upper digit of 8-bit binary addition result 
after execution. 
b3 bO ; ; 
We Lower digit of 8-bit binary augend before 
LAUG Y execution. 
MD ($03C) Lower digit of 8-bit binary addition result 
after execution. 
b3 bO 
HADD = MSD = Upper digit of 8-bit binary addend. 
MD (SO4D) 
b3 b0 
LADD  ELSD= Lower digit of 8-bit binary addend. 
MD ($04C) 
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12. ADD 8-BIT BINARY DATA 


DESCRIPTION 


(4) Sample Application 


HMCS400 SERIES || LABEL 


Shown below is a sample application using ADD with address space allocated 


as follows.: 


MD(SOAD, SOAC): Augend 
After execution, addition result is contained. 


MD(SOBD, SOBC): Addend 





CALL 


BRS 


OVER 
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SOAC 
LAUG 
SOAD 
HAUG 
SOBC 
LADD 
SOBD 
HADD 


ADD 


LAUG 
SOAC 
HAUG 
SOAD 


Service routine in 


case of carry 


- Example with W=0. 


------- Store augend in entry argument. 


------- Store addend in entry argument. 


- Call ADD. 


-Branch to service routine in case of carry. 


Store addition result, contained in return 
“argument, in RAM. 


12. ADD 8-BIT BINARY DATA HMCS400 SERIES || LABEL 
DESCRIPTION 


(5) Basic Operation 


(a) In HMCS400 series, when addition is performed with 2 or more digits, 
the same operation sequence is repeated for each digit. 


(b) CA flag is cleared, and lower digits are added using addition 
instruction (AMCD) as shown in (Formula 1). If a carry is generated 
after (Formula 1) execution, CA flag is set. 


Augend + Addend + CA + Addition result ..... (Formula 1) 


(c) Upper digits are then added using addition instruction (AMCD). 
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12. ADD 8-BIT BINARY DATA HMCS400 SERIES |} LABEL 
FLOWCHART 


See Clear CA flag for carry generation 
process. 


___.__| Add lower digits and store addition 
result in RAM for augend. 





Add upper digits considering carry 
HAUG+A+CA +A |—-—-—-—| generated by addition of lower digits. 
Store addition result in RAM. 
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ADD 8-BIT BINARY DATA [12. app s-srr pinary para || ucu][ cso sates HMCS400 SERIES || LABEL fuaper || and | 


[ Program Listine | LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 010 0000 LLEN 132 

00002 YOOIORO OCI OIOIOIOIOIOR OOO IOI IOIOIOIOIOIOI IOI OIOICIOI IOI CIO I BOI ICIOR II IOI IOI OF OIIOIOR IK 
00003 * * 
00004 * NAME : ADO 8-BIT BINARY DATA CADD) * 
00005 * * 
00006 YOIOIOIIOROIOIOIOIOIOIOIOIGIOIOIIOIDIDIOIOI OI IDIDIDIOIOIOIIOIOIDIGICICIOIOIOR IOI IO ICID IO HOI IO ICR ICIOIR 
00007 * * 
00008 * ENTRY > HAUG. LAUG CAUGEND > x 
00009 * HADD. LADO CADDEND > x 
00010 * RETURNS + HAUG. LAUG CADDITION RESULT) x 
00011 * CA FLAG(CA=0;NORMAL RETURN. CA=1; OVERFLOW) x 
00012 * * 
00013 OOOO IOI IOI IOI IOR I OIOIOIOI IGIOIICIOIOIOI IOI III IOIOI I IOI IOI HOIOIOII IORI ROI IO IOR IO 
00014 * 

00015 HAUG EQU $030 UPPER AUGENO 

00016 LAUG EQU $03C LOWER AUGEND 

00017 HADD EQU $040 UPPER ADDEND 

00018 LADD EQU $04C LOWER ADDENOD 

00019 x 

00020 ORG $0100 

00021 ADD EQU x ENTRY POINT 

00022 OEC 0100 REC CLEAR CARRY FLAG 

00023 190 04C 0101 LAMD LADD LOAD LOWER ADDEND 

00024 118 03C 0103 AMCD LAUG ADD LOWER ADDEND TO LOWER AUGEND 
00025 194 03C 0105 LMAD LAUG STORE LOWER ADDITION RESULT 
00026 190 040 0107 LAMD HADO LOAD UPPER ADODEND 

00027 118 030 0109 AMCD HAUG ADD UPPER ADDEND TO UPPER AUGEND 
00028 194 03D 0108 LMAD HAUG STORE UPPER ADDITION RESULT 
00029 010 0100 RTN 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 





HAUG: Defines upper digit address of augend. 
LAUG: Defines lower digit address of augend. 
HADD: Defines upper digit address of addend. 


LADD: Defines lower digit address of addend. 
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13. SUBTRACT 8-BIT BINARY DATA 


FUNCTION 


Performs subtraction of 2-digit binary data in RAM, and stores result in 
RAM; uses unsigned integers as arguments. 







HMCS400 SERIES} | LABEL 










CHANGES IN CPU 
REGISTERS AND FLAGS 









SPECIFICATIONS 


ARGUMENTS 
1 digit= 4 bits 
CankenKe Storage No. of 
Location | Digits 


HMIN, 
Minuend LMIN Zz 
Entry (RAM) 


Subtrahend 




























e : Not affected 
x : Undefined 
¢ : Result 





1 word=10 bits 


ROM (Words) 
eee. ey eae ae 
RAM (Digits) 
No. 
Y 






a 
Stack (Digits) 












4 
Sabevact ion 
result 
|Return at ee 
See Relocatable 
No 

es 


Interrupt OK? 
| ClYes—“‘Ci*C 


Borrow or 
no borrow 


DESCRIPTION 


(1) Function Details 







(a) Argument details 


HMIN, LMIN(RAM): Holds 8-bit binary minuend. After SUB execution, 
contains subtraction result. 


HSUB, LSUB(RAM): Holds 8-bit binary subtrahend. 


CA, ST : Indicates whether a borrow is generated or not after 
SUB execution 


CA=1, ST=1 : Indicates no borrow is generated in subtraction result. 


CA=0, ST=0 : Indicates a borrow is generated in subtraction result. 
(see Fig. 2) 





SPECIFICATIONS NOTES 
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13. SUBTRACT 8-BIT BINARY DATA HMCS400 SERIES || LABEL 
DESCRIPTION 


(b) Example of. SUB execution is shown in Fig. 1. If entry arguments are 
as shown in part () of Fig. 1, subtraction result is contained in 
HMIN, LMIN(RAM) as shown in part @ of Fig. 1. 


HMIN LMIN 


b7 bO 
HMIN, ao ~—— Minuend 
HSUB LSUB 


HSUB, Yea +—— Subtrahend 






@ Entry 


arguments 


a?) 


HMIN LMIN 
CA b7 b0 
Q) Return HMIN, LMIN [9 [0 | Subtraction 
arguments (RAM) ae ae result 
($90) ST 


Fig. 1 Example of SUB Execution 


(2) User Notes 


(a) When subtraction result is negative as shown in Fig. 2 
(minuend < subtrahend), the result is in 2's complement. 


(b) When upper digit. is not needed, "0" must be stored in upper digit 
as shown in Fig. 3. Otherwise correct subtraction result cannot be 
obtained since subtraction is performed with undefined data in 
upper digit. 


[4 | 3 |— Minuend <—Minuend 
-) <— Subtrahend -) <— Subtrahend 


CA CA 
[0] ~— cubtraction ~_oubtraction 


ST result oT result 

[0] 

Fig. 2 Example When Borrow is Fig. 3 Example When Upper Digit is 
Generated Not Used 


(c) After SUB execution, minuend is destroyed since subtraction result is 
stored in HMIN, LMIN(RAM). 
If minuend needs to be retained after SUB execution, it should be 
saved in memory before execution. 
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13. SUBTRACT 8-BIT BINARY DATA 





| DESCRIPTION 


(3) RAM Allocation 
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Label 


HMIN 


LMIN 


HSUB 


LSUB 


HMCS400 SERIES || LABEL 


-~4-- 
i 
! —_— =< -_ 
--f--7-- 


Fig. 4 RAM Allocation 


g 


o 


AY 
oO 
© 


re 
Oo 
oo 
oO 
DN 
Co 
we 


oC 


NY 
oC 
) 


K4 
oO 
oOo 
<n 
Oo 
WA 
ran 
et 


Oo 
Wo 
o 
fan) 








; 








rs 
o 
an 
noes 
_ 
~~ 
oO 
w 


oO 
Ww 
oO 
© 








E 





«4 
=) 
~~ 
<n 
© 
> 
oO 
wv 


Upper digit 
Upper digit 
execution. 


Lower digit 
Lower digit 
execution. 


Upper digit 


Lower digit 


Description 


of minuend before execution. 
of subtraction result after 


of minuend before execution. 


of subtraction result after 


of subtrahend. 


SE Subeeanend.: 


13. SUBTRACT 8-BIT BINARY DATA HMCS400 SERIES || LABEL 
DESCRIPTION 


(4) Sample Application 


Shown below is a sample application using SUB with address space allocated 
as follows. 


MD(SOAD, SOAC): Minuend 
After execution, subtraction result is contained. 


MD(SOBD, SOBC): Subtrahend 





LWI SO ewe =e Example with W=0. 


LAMD SOAD 

ae ion Store 8-bit binary minuend in entry 
LAMD SOAC argument. 

LMAD LMIN 

LAMD SOBD 

LMAD HSUB Store 8-bit binary subtrahend in entry 





LAMD SOBC argument. 
LMAD ~~ LSUB 
i CALL SUB scenen= Call SUB. 
BRS WORK If a borrow is generated, branch to 
BRS BRROW service routine. 
WORK LAMD HMIN 
LMAD SOAD Store 8-bit binary subtraction result, 


LAMD LMIN contained in return argument, in RAM. 


LMAD SOAC 


4 
BRROW | Service routine 
in case of borrow 
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13. SUBTRACT 8-BIT agin DATA fas. susreacr s-srr pinay pata | [cu] aucsdoo seers, HMCS400 SERIES || LABEL raser|| sus _| 
DESCRIPTION 


(5) Basic Operation 


(a) In HMCS400 series, when subtraction is performed with 2 or more digits, 
the same operation sequence is repeated for each digit. 


(b) CA flag is set . Subtraction of lower digits is then performed 
using subtraction instruction (SMCD) as shown in (Formula 1) 


(CA flag is cleared if borrow is generated). 


Minuend - Subtrahend - CA > Result ...... (Formula 1) 


(c) Subtraction of upper digits is performed using subtraction instruction 
(SMCD). 
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13. SUBTRACT 8-BIT BINARY DATA HMCS400 SERIES|/]| LABEL 
FLOWCHART 


S 







----| set CA flag for borrow process. 





Subtract upper digits considering 
HMIN-A-CA +A ]————] borrow (CA), and store subtraction 
result in RAM for minuend. 


Subtract lower digits, and store 
——--—-—]| subtraction result in RAM for 
minuend. 
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UPIRer )13. SUBTRACT 8-BIT BINARY DATA BIT BINARY DATA [13. suprract s-srr sinary pata || cu] ancs4oo seates| HMCS400 SERIES || LABEL asen|| sus | 


[_Procram iistine | LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 010 0000 LLEN 132 

00002 OROIOROIOROIOIOR I HOR IO IOIOIOICIOOIOIOIIOIOIOIOIOIOFOICIGIOROI IO HOR ORO IIL ACHOROK IOIOR MOROII OOK CAE OK 
00003 * 
00004 * NAME : SUBTRACT 8-BIT BINARY DATA (SUB) * 
0000S * x 
00006 COI UIC AOR ICIOFOICIOROIICIOIOIOICICIOIOIOR OR IOIOIOIOIOIOOR IOI FOI OIOR OI OK OR IOI IORI ICE NOR ICAO KOR IK HOK 
00007 * * 
00008 x ‘ENTRY > HMIN.LMINCMINUEND) K 
00009 * HSUB.LSUBCSUBTRAHEND> * 
00010 * RETURNS > HMIN,LMINCSUBTRACTION RESULT) * 
06011 * FLAG (CA=0,ST=0;B0RROW * 
00012 * CA=1.ST=1;NORMAL RETURN) * 
00012 * * 
00014 BOOK ZA IOIOIIOIOIOIOIOIOIOIOIOK OI ICIOICIOF IO IOIOI IOI OOK IORI TOR ORO OK HOROR OIC AIO AOI OIRO 
0001S K 

00016 HMIN EQU $030 UPPER MINUEND 

0001? LMIN EQU $03C LOWER MINUEND 

00018 HSUB EQU £040 UPPER SUBTRAHEND 

00019 LSUB EQU $04C LOWER SUBTRAHENO 

00020 « 

00021 ORG $0100 

00022 SUB EQU * ENTRY POINT 

00023 OEF 0100 SEC SET CARRY FLAG 

00024 1990 04C 0101 LAMO LSUB LOAD LOWER SUBTRAHEND 

0002S 198 Q03C 0103 SMCD LMIN SUBTRACT LOWER SUBTRAHEND FROM LOWER MINUEND 
00026 194 03C 0105 LMAD LMIN STORE LOWER SUBTRACTION RESULT 
00027 190 04D 0107 — LAMO HSUB LOAD UPPER SUBTRAHEND 

00028 198 03D 0109 SMCO HMIN SUBTRACT UPPER SUBTRAHEND FROM UPPER MINUEND 
00029 194 030 0108 LMAD HMIN STORE UPPER SUBTRACTION RESULT 
00030 Q10 0100 RTN 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


HMIN: Defines upper digit address of minuend. 
LMIN: Defines lower digit address of minuend. 
HSUB: Defines upper digit address of subtrahend. 


LSUB: Defines lower digit address of subtrahend. 
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14. MULTIPLY 16-BIT BINARY DATA HMCS400 SERIES} | LABEL 
FUNCTION 


Performs multiplication of 16-bit binary data in RAM, and stores 32-bit 
binary product in RAM; uses unsigned integers as arguments. 












CHANGES IN CPU 


REGISTERS AND FLAGS SPECIFICATIONS 


ARGUMENTS | 
1 digit= 4 bits 
Location | Digits 
Multiplicand eos) | 
Entry : 


he 


$046) 
Product 
(upper 16 
bits) 






: Not affected 


: Undefined 1 word=10 bits 


ROM (Words) 
9 

No. 
Ss 























Pe te Oe eee el 
oc ee al 
Stack (Digits) 









2 
of cycles 
1550 
O 






MD(SO4D 
SO4A) 
Returns 


Relocatable 
Interrupt OK? 












MD($049 % 
$046) 


Product 
(lower 16 
bits 


DESCRIPTION 


(1) Function Details 






(a) Argument details 
MD(S$O03D ~S03A): Holds 16-bit binary multiplicand. 


MD($049 ~$046): Holds 16-bit binary multiplier. After MUL execution, 
contains lower 16-bit of product. 


MD(S04D VSO4A): Contains upper 16-bit of product. 
Example of MUL execution is shown in Fig. 1. If entry arguments are 


as shown in part @ of Fig. 1, product is contained in MD(SO4D VS$046) 
as shown in part @) of Fig. 1. 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required to 
multiply a multiplicand and multiplier both equal to $FFFF. 
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14, MULTIPLY 16-BIT BINARY DATA 


HMCS400 SERIES || LABEL 


MD ($03D ~$03A) 
b15 bO 


MD ($03D ~$03A) (SAOB6) }A {oO} B|6 | +—~Multiplicand 





DESCRIPTION > 


® Entry > 


alain MD ($049 $046) 


MD ($049 © $046) ($1F6A) |1|F|6]aA | «——Multiplier 
x) 
MD (SO4D - $046) 


| b31 bO | 
@ Mpuene [ csionessso CLIZTB TST STSTSTE | -— Product 


argument ($13B8955C) 


Fig. 1 Example of MUL Execution 
(c) Table 1 shows product when $0 is held in entry arguments. 


Table 1 Product When Holding "0"' in Entry Arguments 


Entry Arguments Return Argument 


Multiplicand | Multiplier 7 Product 
MD ($03D ~$03A) — MD ($049 ~ S046) MD(SO4D ~S046) | 


$0000 $0000 $00000000 


(note) S$****;. Hexadecimal data 
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14. MULTIPLY 16-BIT BINARY DATA HMCS400 SERIES || LABEL 
DESCRIPTION 


(2) User Notes 
(a) ST flag is set after MUL execution. 
(b) When upper digits are not needed, "0" must be stored in upper digits 


as shown in Fig. 2. Otherwise correct product cannot be obtained since 
multiplication is performed with undefined data in upper digit. 


<«— Multiplicand 
x) PO Or o> Be | <— Multiplier 


(Oo }ofojo} 5} 8 {p] e | +— Product 


Fig. 2 Multiplication Example When Upper Digit 
is Not Used 


(c) After MUL execution, multiplier is destroyed since lower 4 digits of 
product is contained in MD($049 .S$046). If multiplier needs to be 
retained after MUL execution, it should be saved in memory before 
execution. 


(3) RAM Allocation 





Fig. 3 RAM Allocation 
Label RAM Description 


b15 b0 16-bit binary multiplicand. 


y% Y X and Y addresses are defined by XMCAN 
_ sy. s04 and YMPRO, respectively. 
MD ($03D \ $03A) 
b15 b0 Upper 16-bit of product. 


——— X and Y addresses are defined by 
XPROW and YMPRO, respectively. 


























MD(SO4D ~SO4A) 
16-bit binary multiplier before execution. 
b Lower 16-bit product after execution. 


15 bO 
ees N Ne soN X and Y addresses are defined by XPROW and 
VANUN A YMLSB, respectively. 


MD ($049 ~ $046) 
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14. MULTIPLY 16-BIT BINARY DATA , HMCS400 SERIES || LABEL [ mut | 
DESCRIPTION 


(4) Sample Application 
Shown below is a sample application using MUL with address space allocated 
as follows. 
MD(SOAD \VSOAA) : Multiplicand 


MD(SOBD ~ SOBA) : Multiplier 


MD(SOAD ~ $0A6) : Product 





LWI SO -——-— Example with W=0. 

LXI $3 

XSPX 

LXI SA ; 

LYI SA 2 ee in entry 
WORK1 LAMX 

LMALYX 

YNEL SE 

BRS WORK1 


(Continued on next page) 
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14. MULTIPLY 16-BIT BINARY DATA HMCS400 SERIES || LABEL ; mut | 
DESCRIPTION 
(Continued from previous page) 


LXI $4 

XSPX 

LXI SB 

LYI $6 ——— Store multiplier in entry argument. 
WORK2 LAMX 

LMATYX 

YNEI SA 

BRS WORK2 

| cane Mu | --— Call MUL. 

LXI SA 

XSPX 

LXI $4 

LYI $6 
WORK3 LAMX = a in return 

LMATYX 

YNEI SE 

BRS WORK3 
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14. MULTIPLY. 16-BIT BINARY DATA HMCS400 SERIES |} LABEL | mut | 


DESCRIPTION 


(5) Basic Operation 


(a) Example of 4-bit binary multiplication is shown in Fig. 4. 


Multiplicand <bit 
Multiplicand X bit 
Multiplicand < bit 


Multiplicand X bit 


of 
of 
of 
of 


multiplier 
multiplier 
multiplier 


multiplier 


Bit 

(1)> 

(0)> 

(0)> 0 

(ijj>+1 1 
i 


Pio O&O © 


| ! Multi- 
1 t°°° plicand 
ly)... Multiplier 


EH ee WD 


5 ener 4) 


0 
0 ie Partial 
6B) products 


-® 
L- 3. Lh ... 6) Product 


(O+@+@O+®) 


OfrF oOo oO F 


Fig. 4 Multiplication Example (SD x $9 =$75) 


Multiplication of 16-bit binary data requires obtaining partial products, 


as shown in @ ‘ 


3) and 4), and adding them. 
If 


Each bit of binary data is either "0" or "1". 


its partial product is multiplicand ( @) and @) 
multiplier bit is "0", its partial product is "0". 


Fig. 4) 


(b) Program operation is described below according to 


example in Fig. 4. 


(i) RAM for upper digit of product is cleared. 


(ii) LSB of multiplier is tested whether it is "0" 


partial product. 


(iii) B register is decremented. 


( in Fig. 4) 
multiplier bit is "1", 
in Fig. 4), while if 

( @) and @) in 


the multiplication 


or "1" to obtain 


(iv) Operation loops (ii) and (iii) until B register is $F. 
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14. MULTIPLY 16-BIT BINARY DATA HMCS400 SERIES |i LABEL 
~ FLOWCHART 


al 
SO>MD ($O4Dv 1 


Load product and multiplier 
address into X register. 


S044) ———| Clear RAM for product. 





Load counter indicating number of 
partial products. 


Load LSD address where multiplier 
is stored into Y register. 


Clear CA flag so that "1" is not 
set in MSB, when rotating RAM 
for product. 


Test whether LSB of multiplier is 
2 or bi Oe 





Store LSB of product in MSB of 
multiplier. 


Rotate the next bit to calculate 
the next partial product into 
LSB of multiplier. 


Decrement counter indicating 
number of partial products. 


Test if all partial products 
have been acquired. 
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Save X address of product and 
multiplier. 


Load X address of multiplicand. 


Load Y address of LSB of multiplicand. 


When LSB of multiplier is "1", 


| 14. MULTIPLY 16-BIT BINARY DATA MULTIPLY 16- BIT: BINARY DATA [ 14. Muurpcy 16-Brr Binary Data =| ucu]facs4oo serres HMCS400 SERIES |] LABEL =a 
| FLOWCHART =| 
add multiplier to product because 
partial product is multiplier in 


a 
——— 
Y#BACAN tte 


this case. 
R 
X «> spx |--- estore X address of product and 
multiplier. 
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14. MULTIPLY 16-BIT BINARY DATA HMCS400 SERIES ]}] LABEL [ mut 
PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 





00001 010 0000 LLEN 132 
00002 OR IOIOIOK GIO ICIOIOIOIOR IOI GIO IO OIRO ICID ORIG IGOICIOIOR IOIDIOR I IIOR IOI AOR OIOK IOI 
00003 * * 
00004 * NAME : MULTIPLY 8-BIT BINARY DATA (MUL) * 
~ 00005 * 
00006 OOK IOIOIOIOIOI OI IDIOR IOIORI GIO IO IOICIOR IOI OOK IORI OIOK OR IORI IOI IORI OI IOIOOIOK IK 
00007 * * 
00008 * ENTRY > MOC$03D-$03A) (MULTIPLICAND) * 
00009 x MD ¢$049-$046) CMULTIPLIER) * 
00010 * RETURNS - MO¢$04D0-$046) (PRODUCT > x 
00011 * * 
00012 FO IOIOIOOR OI OIOOIOIOIOIOIOIOIOR IO OIOIOIOOI IOI GOIGIO IOI OIIOIO IO IOIOIGICAOIC IOI OIOI IOI OI 
00013 * 
00014 XMCAN EQU $3 MULTIPLICANO ADOR(X) 
00015 XPROW EQU $4 MULTIPLIER & PROOUCT ADOR(X> 
00016 YMLSB EGU $6 MULTIPLIER & PROOUCT LSO ADORCY> 
00017 YMPRO EQU $D MULTIPLICANOD & PRODUCT MSD ADDRCY) 
00018 YMCAN EQU $A MULTIPLICANO LSO ADORCY) 
00019 BAPRO EQU $$ MULTIPLICAND & PRODUCT LSO ADDRCY)-1 
00020 BACAN EQU $E MULTIPLICAND & PRODUCT MSD ADORCY)+1 
00021 * 
00022 ORG $0100 
00023 MUL EQU ad ENTRY POINT 
00024 224 0100 LXxXI XPROW LOAD MULTIPLIER & PRODUCT ADOR CX) 
0002S 21A 0101 LYI YMCAN LOAD MULTIPLICANOD ADORCY> 
00026 290 0102 MUL 1 LMILY $0 CLEAR PROOUCT 
00027 O7E 0103 YNETI BACAN 
00028 302 0104 BRS MUL 1 
00029 20F 0105 LBI $F LOAD BIT COUNTER 
00030 216 0106 MUL 2 LYI YMLSB LOAD MULTIPLIER LSO ADOR INTO REGCY)D 
00031 OEC 010? REC CLEAR CARRY 
00032 O8C 0108 ™ $0 TEST LSB OF PRODUCT = $0 7? 
00033 313 0109 BRS MULS BRANCH IF LSB = $1 
00034 210 010A MUL 3 LYI YMPRO 
00035 090 0108 MUL 4 LAM 
00036 OAD 010C ROTR ROTATE PRONUCT AND MULTIPLIER 1-8IT RIGHT 
00037 000 0100 LMADY 
00038 O75 O10E YNETI BAPRO 
00039 308 O10F BRS MUI 4 
00040 OCF 0110 0B DECREMENT BIT COUNTER 
00041 306 0111 BRS MUL 2 LOOP UNTIL BIT COUNTER = $F 
00042 010 0112 RTN 
00043 Q01 0113 MULS XSPX SAVE PROOUCT & MULTIPLIER ADOR(X> 
00044 223 0114 LXI XMCAN LOAD MULTIPLICANO ADDRCX) INTO REGCX) 
00045 21A 0115 LYI YMCAN LOAD MULTIPLICAND LSB ADORCY) INTO REGCY) 
0N046 O91 0116 MUL6 LAMX 
00047 018. 0117 AMC MULTIPLICANO + PROOUCT -> MULTIPLTCAND 
00048 051 0118 LMAIYX 
00049 O7E 0119 YNET BACAN 
00050 316 011A BRS MUL 6 
00051 001 0118 XSPX 
00052 30A 011C BRS MUL 3 LOAD NEXT LSB 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


XMCAN: Defines X address of multiplicand. 
XPROW: Defines X address of product and multiplier. 
YMLSB: Defines LSD Y address of product and multiplier. 


YMPRO: Defines MSD Y address of product and multiplicand. 
(YMLSB + $7) 


YMCAN: Defines LSD Y address of multiplicand. 
(YMLSB + $4) 


BAPRO: Defines LSD Y address less 1 of product and multiplicand. 
(YMLSB-$1; if this is negative, value should be defined 


as SF.) 


BACAN: Defines MSD Y address plus 1 of product and multiplicand. 
(YMPRO + $1; if this is overflow, value should be defined 


as $0.) 
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15. DIVIDE 16-BIT BINARY DATA HMCS400 SERIES|| LABEL 
7 FUNCTION | 


Performs divisions of 16-bit binary data in RAM, and stores result 
(quotient and remainder) as 16-bit binary data in RAM; uses unsigned 
integers as arguments. 













CHANGES IN CPU 
REGISTERS AND FLAGS 





SPECIFICATIONS 


: ARGUMENTS 
1 digit= 4 bits 
Location | Digits 


\ AY, 
1031 
Entry : 


$037) 
Divisor 
Returns 


















: Not affected 
: Undefined 









1 word=10 bits 
ROM (Words) : 
a |: Se 
RAM (Digits) 
Stack (Digits) 
oO 







MD(SO4E 
SO4B) 






arene! eee 






MD(SO3A 


Quotient $037) 


Remainder 


DESCRIPTION 


(1) Function Details 









MD(SO3E 
$03B) 


(a) Argument details 


MD(SO03AV$S037): Holds 16-bit binary dividend. After DIV execution, 
contains quotient. 


MD(SO4EVS04B): Holds 16-bit binary divisor. 


MD (SO3EVS03B): Holds 16-bit binary remainder. 


Example of DIV execution is shown in Fig. l. 
If entry arguments are as shown in part ® of Fig. 1, division result 
is contained in MD($03E V$037). 





SPECIFICATIONS NOTES 






"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required to 
devide S$FFFF by $2. | | | | 
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15. DIVIDE 16-BIT BINARY DATA HMCS400 SERIES || LABEL 
DESCRIPTION 
Q) Return arguments 





Quotient Remainder 
MD(S03A ~ $037) MD (SO3E  $03B) 
b15 bO b15 b0 
(Oj 00) 4]----- pOyP Ls] D 
b15 Divisor b0 b15 Dividend b0O 
pk 0. )0- 12.0) p4 TF U3] DI 
MD (SO4E \ SO4B) MD ($03A \ $037) 
$s 


@) Entry arguments 


Fig. 1 Example of DIV Execution 


(c) Table 1 shows results when $0 is held in entry arguments. 


Table 1 Results When Holding "O" in Entry Arguments 


Entry Arguments Return Arguments 


Dividend Divisor Quotient Remainder 
MD($03A \ $037) MD (SO4E \ SO4B) MD ($03A \ $037) MD (SO3E ~S03B) 


(note) S$****; Hexadecimal data 



























(2) User Notes 
(a) ST flag is set after DIV execution. 
(b) When upper digits are not needed, "0" must be stored in upper digits 


as shown in Fig. 2. Otherwise correct results cannot be obtained 
since division is performed with undefined data in upper digit. 


Quotient Remainder 


}o Loto] 3} --- Lo ]o]o] 3 
Divisor —*(0]0]0]C| 


Dividend 
Fig. 2 Division Example When Upper Digit is Not Used 
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115. DIVIDE 16-BIT BINARY DAT 


DESCRIPTION 


(c) After DIV execution, dividend is destroyed since quotient is contained 


in MD($03A V $037). 


If dividend needs to be retained after execution, 


it should be saved in memory before execution. 


(3) RAM Allocation 


Label 
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ot--+--r--l- Solas dented ead steal beet, Se 





























MD ($03E \$03B) 





Description 


16-bit binary dividend before execution. 
16-bit binary quotient after execution. 
X and Y addresses are defined by XDEND 
and YDSOR, respectively. 


16-bit binary divisor. 
X and Y addresses are defined by XDSOR 
and YDSOR, respectively. 


Work area where subtraction result 


(Dividend-Divisor) is contained. 

Stores 16-bit binary remainder after 
execution. X and Y addresses are defined 
by XDEND and YDEND, respectively. 


15. DIVIDE 16-BIT BINARY DATA HMCS4OO SERIES || LABEL 
| DESCRIPTION 


(4) Sample Application 


Shown below is a sample application using DIV with address space allocated 
as follows. 


MD (SOAA% $0A7): Dividend. After execution, quotient is contained. 


MD(SOAE% SOAB): Divisor. After execution, remainder is contained. 








LWI SO ----Example with W=0. 
! 

LXIL $3 

XSPX 

LXI SA 

LYI $7 ____ Store 16-bit binary dividend in entry 
WORK1 LAMX argument. 

LMATYX 

YNEI SA 

BRS WORK1 

LXI $4 

XSPX 

LXI SA 

LYL SB. Jpcesae= Store 16-bit binary divisor in entry 
WORK2 LAMX argument. 

LMATYX 

YNEIL SF 

BRS WORK2 

] CALL DIV |{------ Call DIV. 

LXI SA 

XSPX \ 

LXIL $3 

LYI S7 pr errree Store division result, contained in 
WORK3 LAMX return arguments, in RAM. 

LMATYX 

YNEI SF 

BRS WORK3 
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}15. DIVIDE 16-BIT BINARY DATA HMCS400 SERIES || LABEL 
DESCRIPTION | . ie | 


(5) Basic Operation 


(a) In binary data division, quotient and remainder are obtained by repeated 
subtraction. Fig. 4 shows an example of binary division (SD + $3). 


&) 
© 


i j 0 * Quotient 
Divisor > 1 Il tl 1 0 1 o Dividend 
-) 141 --() 
0 0 ~- (2) 
-) Te ob --@) 
-0o 1 --() 
+) 1 1 
0 oO 1 
-) 1 1 
ak. | IOs, 
+) 1 1 
0 0 1 * Remainder 


Fig. 4 Division Example (SD + $3) 


(b) Referring to the division example in Fig. 4, the program is executed 
as follows. 


(i) RAM is cleared for remainder MD(SO3E VS$03B). 
(ii) B register is used as shift counter. 
(iii) CA flag is initialized to "1" to set "1" in RAM for quotient. 


(iv) MD($03A ‘V$037) (dividend) and MD(S$03E V$03B) are rotated 1 bit left 
to set "1" in RAM for quotient. At the same time MSB is rotated into 
LSB. | 


(v) This is performed because upper bits are fetched one by one from — 
dividend to subtract divisor MD(SO4E ‘V$04B). Divisor MD(S$O4E ‘VS$O4B) 
is then subtracted from MD(SO3E VS$03B). If subtraction result is 
positive, "1" is retained in the LSB of MD($03A S037). 

(Fig. 4 M@*@-@) 

If subtraction result is negative, LSB of MD($03A $037) is cleared 
and added divisor to subtraction result. | 

(Fig. 4 @®+®-o6 ) © | 


(vi) Shift counter is decremented. 


(vii) Operation loops from (iii) to (vi) until shift counter 16%, Ore 
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15. DIVIDE 16-BIT BINARY DATA HMCS400 SERIES || LABEL 
FLOWCHART 


DIV 


DIV 


Clear work area, where remainder 
once will be stored after execution. 


SO?MD ($O03EUV 





S03B) 


Load number of shifts into shift 
counter. 


DIV2 ee 
XDEND > X Load divisor address into X and Y 


aa a registers. 
YDEND > Y 
1 n , 17 ¢ 
---[7 Initialize CA flag to "1" in RAM 
for quotient. 


DIV3 


Porate A Rotate MSB of dividend into LSB 
LBL ere in work area. 


Y#BADIV 


Y#BADIV 


<r 


Y=BADIV 


a), Set CA flag to perform 
subtraction. 
YDSOR > X 
Load X and Y addresses of LSB of 
XK <> SPX --— work area and divisor. 
XDSOR >X 


DIV4 






hen Subtract divisor from work area. 
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15. DIVIDE 16-BIT BINARY DATA | | HMCS400 SERIES }| LABEL 


Test whether subtraction result 
is positive or negative. 


aaa Clear CA flag to perform addition. 


Load LSB of work area into 
Y register. 


Add divisor to subtraction result 
to restore contents of work area. — 


Clear "1" in RAM for quotient. 





----[ Decrement shift counter. 


<a @)---| Test if shift is completed. 


B=SF 
RTN 
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15. DIVIDE 16-BIT BINARY DATA 
PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


HMCS400 SERIES} 








00001 30A 0000 LLEN 132 

00002 FOIOIOIOR IOI OIRO IO III ACIOIOIOR IORI I IOI IOIOR IOI OIOIOIOK HOR AOK AOR HOK HO KOK 

Q0n03 x * 

00004 * NAME : DIVIDE 16-BIT BINARY DATA C(OIV) x 

00005 * * 

aQdngdéE FOOIOIOIOR ORO OOIOIOIOI CCC HOROIOR I ICHOIOIOI IOI OICACI OI OK ZOROIOIOICAOIIOIOK KOK OKOK 

00007 * + 

00008 * ENTRY : MOC$03A-£037) (DIVIDEND) * 

ON009 a MDC S$04E-$04B) (DIVISOR) * 

00010 * RETURNS >: MOC $03A-%037) CQUOTIENT > * 

00011 x MOC $03E-$03B) CREMAINDER) * 

00012 YOIOIOIOIOIOIOR I IIOK A ICIOR OOOO OK OKO IOIOIOICIO RICKI BORO IORI IOI OIRO KOK 

00013 * 

00014 XDEND EGU $3 OIVIDEND. QUOTIENT & REMAINDER ADDRCX) 
00015 XDSOR EQu $4 OIVISOR ADDRCX> 

00016 ‘(DENOD EOU $7 DIVIDEND & QUOTIENT LSD ADORCY> 
aN017 YOSOQR EQU $B OIVISOR & REMAINDER t.SO ADDRCY> 
00018 BADIV EQU $F ODIVISOR & REMAINDER MSO ADORCY)+1 
00019 * 

00020 ORG $0100 

00021 DIV EQU x ENTRY POINT 

00022 223 0100 LXI XDEND CLEAR WORK AREA 

00023 218 0101 LYI YOSOR 

00024 290 0102 DIV1 LMIIY $0 

00025 O?F 0103 YNEI BADIV 

Q0026 302 0104 BRS DIV 

00027 ZOF 0105 LBI $F LOAD SHIFT COUNTER 

00028 223 0106 OIVv2 LXI XDEND LOAD DIVIDEND ADDR CX) 

00029 217 0107 LYI YDOEND LOAD OIVIOEND ADORCY) 

00030 OEF 0108 SEC SET CARRY FLAG 

00031 O90 0109 OIV3 LAM SHIFT DIVIDEND 1-B1IT LEFT- 

00032 OAL 010A RUTL TQ LOAD MSB OF DIVIDENO INTO LSB OF WORK AREA 
00033 050 0108 LMALY 

00034 O?F 010C YNET BADIV 

00035 309 0100 BRS DIV3 

00036 OEF Q10E SEC SET CARRY FLAG 

00037 218 OLOF LyI YDSOR LOAD OIVISOR ADORCY) 

00038 O01 O110 X SPX 

NOOZI 224 0111 LXI XDSOR LOAD OCIVISOR ADDORCX) 

00040 O94 O112 DIVG LAMX REMAINDER - DIVISOR -*» REMAINDER 
00041 N98 0113 SMC 

00042 asi 0114 LMATYX 

00043 O7F 0115 YNET BADLY 

0006s 312 Ollo BRS DIV4 

000465 D6éF 0117 TC TEST CARRY 

Q0046 203 0118 BRS DIV6 BRANCH IF REMAIN > OIVIDEND 
00047 OEC Ol? REC CLEAR CARRY FLAG 

00048 216 O11A LYT YOSOR LOAD LSB OF WORK AREA INTO REGCY) 
00049 091 0118 OIVS LLAMX REMAINDER + DIVISOR -> REMALNDER 
000580 O18 011C AMC 

00051 0S. 0110 LMATYX 

Q00S2 O?F OLE NET BADTIV 

Q00S3 416 OLIF BRS DIVS 

00054 001 0120 X SPX CLEAR S58 OF QUOTIENT 

NOOSS 217 0121 LvI YDENO 

Q00S6 088 O122 REM $0 

000S7 OCF 0123 DIV6 0B DECREMENT SHIFT COUNTER 

00058 306 0124 BRS OrVv2 Loar wu 5 - P 

00059 010 195 aah NTIL SHIFT COUNTER $F 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


XDEND: Defines X address of dividend, quotient and remainder. 
XDSOR: Defines X address of divisor. 
YDEND: Defines LSD Y address of dividend and quotient. 


YDSOR: Defines LSD Y address of divisor and remainder. 
(YDEND + $4) 


BADIV: Defines MSD Y address plus 1 of divisor and remainder. 
(YDEND + $8; if this is overflow, value should be defined 
as SO.) 
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16. ADD 8-DIGIT BCD | : HMCS400 SERIES] | LABEL | Mmgusee 
FUNCTION 3 a 


Performs addition of 8-digit BCD data in RAM, and stores result as 8-digit 
BCD data in RAM; uses unsigned integers as arguments. 

















CHANGES IN CPU 
REGISTERS AND FLAGS 


ARGUMENTS 
1 digit= 4 bits 


set 
Entry 
ad 


MD(S03D v 


SPECIFICATIONS 












Storage 
Location 










: Not affected 
: Undefined 
>: Result 


1 word=10 bits 


6 


Stack (Digits) 






MD(SO3D 






(ana an 
ae ae 









Addition 
result » 





O 


a eee 
Relocatable 
ee eee 


Returns 


O 


Interrupt OK? 


1 
No. 
N 
N 





DESCRIPTION 


(1) Function Details 
(a) Argument details 


MD ($03DVS036): Holds 8-bit BCD augend. After ADDD execution, contains 
addition result. 


MD ($O4DS046): Holds 8-bit BCD addend. 


CA : Indicates whether a carry is generated or not after 
ADDD execution. 


Indicates a carry is generated in addition result. 
(see Fig. 2) 


Indicates no carry is generated in addition result. 








SPECIFICATIONS NOTES 
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16. ADD 8-DIGIT BCD HMCS400 SERIES }| LABEL ADDD 
DESCRIPTION 


(b) Example of ADDD execution is shown in Fig. l. 


If entry arguments are as shown in part @) of Fig. 1, addition result 
is contained in MD($03D $036) as shown in part Q) of Fig. l. 


b31 MD (SO3D ~ $036) bO 
i oad 020) “(re a] 7 ed 013) 2) a eaeend 
© Entry (12478032) 
arguments Mnceounwebae MD(SO4D \ $046) 
eee TIepToLoLslo[ol[i] + Addena 
Pes) ae a a te 
CA b31 MD($03D ~ $036) bO 
Seas reer (eTeTéTs lero [3 13] iti 
Os a [7] (BIS TéTslelols[s)] + addition 


result 


Fig. 1 Example of ADDD Execution 


(2) User Notes 
(a) ST flag is set after ADDD execution. 
(b) When upper digits are not needed, "0" must be stored in upper digits 
as shown in Fig. 3. Otherwise correct addition result cannot be 


obtained since addition is performed with undefined data in upper 
digits. 


9 fe }3]s]2}o fi jo [o[o]ofofi]2]3 [4 augena 
» EERE sen 
CA CA 
TTorepoTeloli fo] [0] [epopopo Ts Ts [a To maaition 


- yesult 





Fig. 2 Addition Example When Fig. 3 Addition Example When 
Carry is Generated Upper Digits are Not Needed 


(c) After ADDD execution, augend is destroyed since addition result is 
contained in MD($03D V$036). If augend needs to be retained after ADDD 
execution, it should be saved in memory before execution. 


(d) BCD number must be stored in augend and addend, otherwise correct 
addition result cannot be obtained. 
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16. ADD 8-DIGIT BCD | | | HMCS400 SERIES }| LABEL ADDD 
DESCRIPTION | | 


(3) RAM Allocation 


YM 





—_ a qn ane owe 


Fig. 4 RAM Allocation 








Label RAM Description 
b31 b0 8-digit BCD augend before 
, LZ y, 8-digit BCD addition 
| MD D $036 result after execution. 
703 y030) X and Y addresses are 
defined by XAUGE and YAUGE, 
respectively. 
b31 | bO 8-digit BCD addend 
= X and Y addresses are 
EE EE CE EE CT GE Re me defined by XADDE and YAUGE, 


MD(SO4D ~ $046) respectively. 


(4) Sample Application 
Shown below is a sample application using ADDD with address space allocated 


as follows. 


MD(SOAD VSOA6) : Augend. After execution, addition result is 
containd. 


MD(SOBO ~SOB6) : Addend 
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16. ADD 8-DIGIT BCD HMCS400 SERIES }} LABEL |{ ADDD 
DESCRIPTION 


LWI SO wwe eee Example with W=0O. 

| 

LXI $3 

XSPX 

LXI SA 

LYI S60 (Sree ar Store 8-digit BCD augend in entry 
WORK1 LAMX argument. . 

LMATYX 

YNEI SE 

BRS WORK1 

LXI $4 

XSPX 

LXI SB 

oe ae Seen Store 8-digit BCD addend in entry 
WORK2 LAMX argument. 

LMATYX 

YNEI SE 

BRS WORK2 


i CALL ADDD [ wane Call ADDD. 


TE 0 | .,  geensine If a carry is generated in addition 
OVER 





BRS result, branch to service routine. 
LXI SA 

XSPX 

LXI $3 

LYI SG: --_ Ss eee Ser Store addition result, contained in 


| return a ment, in RAM. 
WORK3 —- LAMX a ba 


LMATYX 
YNET SE 
BRS WORK3 


OVER 


Service routine 
in case of carry 
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16. ADD 8-DIGIT. BCD HMCS400 SERIES||LABEL|} ADDD. 
DESCRIPTION | | 


(5) Basic Operation 


(a) In HMCS400 series, when addition is performed with 2 or more digits, 
the same operation sequence is repeated for each digit. 


(b) X and Y registers are used as a pointer to augend and addend. 


(c) CA flag is first cleared. Formula 1 is performed on each digit of 
augend and addend using register indirect addressing mode. 


Augend + Addend + (CA) + Accumulator ..... (Formula 1) 


CA flag is added in Formula 1 since digits previously added 
occasionally generate a carry. 


(d) Addition result calculated in (c) is adjusted to a decimal value using 
the decimal adjust instruction (DAA). The result is then stored in 
RAM in the augend location. 


(e) Y register is incremented every time (c) and (d) is executed. 


(£) Operation loops from (c) to (e) until 8-digit addition is completed. 
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16. ADD 8-DIGIT BCD 


FLOWCHART 


ADDD 





ADDD 





Load augend address into SPX register. 


Load addend address into X register. 


[11 


Load LSD address of augend and 
addend into Y register. 


Clear CA flag to perform addition. 


Load addend digits from LSD. 


Load X address of augend. 


“Wo FV 7 


aoe addition (Augend+Addend+CA). 
peel aie addition result to decimal. 


Store decimal-adjusted result in 
RAM at augend location. 


Load X and Y addresses of addend 
—--| for next addition. 


Test if addition of all digits is 
completed. . 
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16. ADD 8-DIGIT BCD 


PROGRAM LISTING 


ST-NO 


00001 
00ad2 
00003 
00004 
ov00s 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
0002S 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00023 


HMCS400 SERIES ADDD 


OBJECT ADRS SOURCE STATEMENTS 
010 0000 LLEN 132 
ORO OIRO OR IO CII IO IOI IORICIO IOIOIOI IOI IOI IOI IGOR IOIOR OIC OR AOR HOKOK 
* * 
x NAME : ADD 8-DIGIT BCD ¢ADDD) * 
* * 
ROCIO IOI IOI OR I IDICIOIIOIOOIOIOICIOIOR IOI CIO OIOIOIOIOOR III HOI ICICI IOIOKIOIOK 
* * 
* ENTRY >MD¢$030~$036) CAUGEND) * 
* MO¢ $040-$046) CADDEND) * 
x RETURNS : M0¢ $03D-$036) CADODITION RESULT) 
* CA FLAGCCA=0: NORMAL RETURN.CA#1; OVERFLOW) « 
* * 
OIC IGIOIGIOIOIOR A OIOIOIOIOIOI IGIOIOIOIOIOIOIGIOIIOIOIIOIOIOIOISIOR FOR ICE IOI ORE OICI HOR OR EC 
* 
XAUGE EQU $3 AUGEND ADOR(X) 
XADDE EQU $4 ADDEND ADDR¢X) 
YAWIGE EQU $6 ADDEND & AUGEND LSD ADORCY) 
BAAUG EQU $E ADDEND &% AUIGEND MSD ADORCY) +1 
*"« 
ORG $0100 
ADDD EQU * ENTRY POINT 
223 0100 LXI XAUGE LOAD ALIGEND ADDRCSPX) 
001 0101 XSPX 
224 0102 LXT XADDE LOAD ADDEND ADDR (xX) 
216 0103 LYI YAUGE LOAD AUGEND ANDO ADDEND ADDRCY> 
OEC 0104 REC CLEAR CARRY FLAG 
091 0105 ADOD1 LAMX LOAD ADDEND DATA A 
018 0106 AMC M+At+CA->A 
OA6 0107 DAA ADJUST RESULT INTO DECIMAL 
051 0108 LMATYX STORE RESULT IN AUIGEND 
Q7E 0109 YNEI BAAUG TEST IF ADDITION IS COMPLETED 
30S 010A BRS ADDD1 LOOP UNTIL REGCY) = BAAUG 
010 0108 RTN 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


XAUGE: 


XADDD: 


YAUGE: 


BAAUG: 
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Defines X address of augend. 


Defines X address of addend. 


Defines LSD Y address of augend and addend. 


Defines MSD Y address plus 1 of augend and addend. 
(YAUGE + $8; if this is overflow, value should be defined 
as $0.) 


17. SUBTRACT 8-DIGIT BCD HMCS400 SERIES}| | LABEL SUBD 


FUNCTION 


Performs subtraction of 8-digit BCD data in RAM, and stores result in RAM; 


uses unsigned integers as arguments. 






ARGUMENTS 
1 digit= 4 bits 
Location | Digits 


wows PSE] 8 
Entry 


MD(SO4D © 
Subtrahend $046) 









CHANGES IN CPU 
REGISTERS AND FLAGS 


: Not affected 
: Undefined 
: Result 





SPECIFICATIONS 


1 word=10 bits 










ee Renee 
a) ee 



















Subtraction MD ($O03D © 


result 


| Reentrant | 






ae | ee 
Relocatable 






Returns 


No. 

55 

No 
Interrupt. OK? 






Borrow or 
no: borrow 


DESCRIPTION 


(1) Function Details 


Stack (Digits) 





(a) Argument details 


MD($03DVS036): Holds 8-digit BCD minuend. 
After SUBD execution, contains subtraction result. 


MD($04DVS046): Holds 8-digit. BCD subtrahend. 


CA : Indicates whether a borrow is generated or not after 
SUBD execution. 


: Indicates no borrow is generated in subtraction result. 


Indicates a borrow is generated in subtraction result. 
(See Fig. 2) 








SPECIFICATIONS NOTES 
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|17. SUBTRACT 8-DIGIT BCD 


DESCRIPTION 


(b) Example of SUBD execution is shown in Fig. l. 


If entry arguments are as shown in part @) of Fig. l. 
Subtraction result is contained in MD($03D V$036) as shown in part Q) 





HMCS400 SERIES || LABEL 


of Fig. l. 
b31 MD($03D ¥$036) —_b0 
MD ($03D Vv $036) 
| (90123456) (9 [Ofif 273) 4 [5 [ej Minuend 
@) Entry 
arguments 


MD ($04D V $046) 
rok) S048) FETT TS TS TST O17 IS] Subtrahend 


ee) Aa a ee LG ee tare Oe 


(2) Return : CA b31l —MD(S03D ¥$036) —_bO. ; 
4M av << 
arguments | (Oy 778) eR EW 


result 


Fig. 1 Example of SUBD Execution 


(2) User Notes 
(a) ST flag is set after SUBD execution. 
(b) When upper digits are not needed, "0'' must be stored in upper 
digits as shown in Fig. 3. Otherwise correct subtraction result 


cannot be obtained since subtraction is performed with undefined data 
in upper digits. 


2 [2 131415 16 [7 [8 fe Minuend 
Ee (9 [o {1} 2 [314 [5 | 6} Subtrahend 


Subtraction result 





Fig. 2 Subtraction Example When Borrow is Generated 


fo [o fo jo f6}7 [5 [5 -Minuend 


CA. | 
lof}olofo[{5]5 }2 {1 Subtraction result 


Fig. 3 Subtraction Example When Upper Digits are Not Needed 
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17. SUBTRACT 8-DIGIT BCD HMCS400 SERIES || LABEL 
DESCRIPTION 


(c) After SUBD execution, minuend is destroyed since subtraction result is 
contained in MD($03D %S036). If minuend needs to be retained after 
SUBD execution, it should be saved in memory before execution. 


(d) BCD number must be stored in minuend and subtrahend, otherwise correct 
subtraction result cannot be obtained. 


(3) RAM Allocation 





Fig. 4 RAM Allocation 
Label RAM Description 


8-digit binary subtrahend 
before execution 


- a 


MD ($03D ~ $036) X and Y addresses are 
| defined by XSUBT and YSUBT, 
respectively. 














b31 bO 8-digit binary minuend. 
a 2D a X and Y addresses are 
SESE defined by XMINU and 
MD(SO4D \ $046) YSUBT, respectively. 


(4) Sample Application 
Shown below is a sample application using SUBD with address space allocated 


as follows. 


MD(SOAD ~VSOA6) : Minuend 
After execution, subtraction result is contained. 


MD(SOBD © SOB6) : Subtrahend 
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17. SUBTRACT 8-DIGIT BCD 


DESCRIPTION | 
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$0 


$3 


SA 
$6 


SE 


WORK1 


$4 
SB 
$6 
SE 


WORK2 


i CALL SUBD ; ---—- Call SUBD. 


WORK3 
BRROW 


SA 


$3 
$6 


SE 


WORK4 


BRROW ; , 
Service routine 
in case of borrow 


HMCS400 SERIES || LABEL 


---- Example with W=0. 


---- Store 8-digit BCD minuend in entry 
argument. i 


~--- Store 8-digit BCD subtrahend in entry 
argument. 


..-.- If borrow is generated in subtraction 
result, branch to service routine. 


sca aad Store subtraction result, contained in 
return argument, in RAM. 


17. SUBTRACT 8-DIGIT BCD HMCS400 SERIES |] LABEL 
DESCRIPTION 


(5) Basic Operation 


(a) 


(b) 
(c) 


(d) 


(e) 
(£) 


In HMCS400 series, when subtraction is performed with 2 or more 
digits, the same operation sequence is repeated for each digit. 


X and Y registers are used as a pointer to minuend and subtrahend. 


CA flag is first set. Formula 1 is performed for each digit of 
minuend and subtrahend using register indirect addressing mode. 


Minuend - Subtrahend - (CA) > Accumulator ..... (Formula 1) 


CA flag is subtracted in Formula 1 since subtraction result occasionally 
generates a borrow. 


Subtraction result, calculated in (c), is adjusted to a decimal value 
using the decimal adjust instruction (DAS). 


Y register is incremented every time (c) and (a) are executed. 


Operation loops from (c) to (e) until 8-digit subtraction is completed. 
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17. SUBTRACT 8-DIGIT BCD HMCS400 SERIES iaseL|| suBD | 


FLOWCHART 


SUBD 
XSUBT > SPX 


XMINU > X ---[ toad subtrahend address into X register. 
ee ___| Load LSD address of minuend and 
ae subtrahend into Y register. 
---[ Clear CA flag to perform subtraction. 


SUBD1L 


Yn 
G 
ow 
o 


Load minuend address into SPX register. 






--~[ Load subtrahend digit from LSD. 
---[ Load X address of minuend. 


___| Subtract subtrahend and CA from 
minuend. 


---[ Adjust subtraction result to decimal. 


___| Store decimal-adjusted result 
into RAM for minuend. 


—~._—/!] Load X and Y addresses of subtrahend 
for next subtraction. 


Y#BASUB 


___| Test if subtraction of all digits . 


Y#BASUB is completed. 


Y=BASUB 


RTN 
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17. SUBTRACT 8-DIGIT BCD a7. suatract s-orerr sco | [cu |fancsaoo sere, uc | umcs4oo SERIES | | LABEL aset|[ susp | 


[ _Procram Lrstine | LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 010 0000 LLEN 132 
00002 CFO IOIOIOIOI OK IOI IOI IOI IOI IO IOI OK IO ROR IO IO IOI KOK AK IK IOK AOK I FOK AK 
00003 * * 
00004 * NAME : SUBTRACT 8-DIGIT BCD (SUBD) * 
00005 * * 
00006 FORO OIOOIOR OI OIIOIOIOIOIOIOI OOO OKO IOI OOK NOOK IOI I OIOR OK FO OR IO KOK OK OK 
00007 * * 
00008 * ENTRY : MO¢$030-$036) (MINUEND) * 
00009 * MD © $040D-$046) (SUBTRAHEND > x 
00010 * RETURNS: MD¢$030-$036) (SUBTRACTION RESULT) * 
60011 * CA FLAGCCA=1; NORMAL RETURN, CA=0:80RRQW> * 
00012 * * 
00013 JCIOROROOICIOROIOIOR IOIOIOIOI IOI IID IOI ORO IOI OIRO IOI OFOROI TOR ICACR IHR HOF HOOK IK 
00014 * 
0001S XSUBT EQU $3 MINUEND ADDRCX) 
00016 XMINU EQU «$4 SUBTRAHEND ADDR<(X) 
00017 YSUBT EOU $6 MINUEND & SUBTRAHEND LSD ADDRCY) 
00018 BASUB EQU $E MINUENO & SUBTRAHEND MSO ADDRCY)+1 
00019 * 
00020 ORG $0100 
00021 SU8D EQU * ENTRY POINT 
00022 223 0100 XI XSUBT LOAD MINUEND ADDR SPX) 
00023 001 0101 XSPX 
00024 224 0102 LXI XMINU LOAD SUBTRAHEND ADDRCX> 
00025 216 0103 LYI YSUBT LOAD MINUEND & SUBTRAHEND ADDRCY) 
00026 OEF 0104 SEC SET CARRY FLAG 
00027 091 0105 SUBD1 LAMX LOAD SUBTRAHEND DATA 
00028 098 0106 SMC M-A-INVCCAI->A 
00029 QAA 0107 DAS ADJUST RESULT INTO DECIMAL. 
00030 051 0108 LMATYX STORE RESULT IN MINUEND 
00031 O7E 0109 YNET BASUB TEST IF SUBTRACTION IS COMPLETED 
00N32 305 O10A BRS SUBD1 LOOP UNTIL Y = BaASUE 
a 00033 010 0108 RTN 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


XSUBT: Defines X address of minuend. 


XMINU: Defines X address of subtrahend. 





YSUBT: Defines LSD Y address of minuend and subtrahend. 


BASUB: Defines MSD Y address plus 1 of minuend and subtrahend. 
(YSUBT + $8; if this is overflow, value should be defined 


as SO.) 
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18. 16-BIT SQUARE ROOT ~~ HMCS400 SERIES|| LABEL | Mela 
FUNCTION 


Obtains square root of 16-bit binary data in RAM, and store result in 
RAM; uses unsigned integers as arguments. 
















CHANGES IN CPU 


SPECIFICATIONS 


ARGUMENTS 7 . . 
1 digit= 4 bits 
Contents SEO aBe eee 
Location | Digits 


MD($03A 
$037) 


REGISTERS AND FLAGS 













: Not affected 
: Undefined 













1 word=10 bits 


| ROM (Words) 
a: ee 
| RAM (Digits) 
a | en 
| Stack (Digits) 
ae ae 
| No. of cycles | 

No 

R 
No 
Yes 





















Number to 
take square 
root of 


1492 
| Reentrant 
a ae 
| Relocatable __| 
[Yes 


Square root 


Interrupt OK? 





DESCRIPTION 


(1) Function Details 
(a) Argument details 
MD ($03AVS037): Holds 16-bit binary number to take square root of. 
MD(S$O04C, S$0O4B): Contains 8-bit binary square root. 
Example of SQRT execution is shown in Fig. 1. If ene ey argument is as 


shown in part @) of Fig. 1, square root is obtained in MD($O04C, SO4B) 
as shown in part of Fig. l. 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to calculate the square root of SFFFF. 
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18. 16-BIT SQUARE ROOT HMCS400 SERIES SQRT 


DESCRIPTION 


MD (SO03A~% $037) 


MD(S$03A% $037) b15 bO 
@ Entry argument { ($E3E0) 2B op 3h Bei 30.3 
MD ($O4C, S04B) 


b7 bO 


Q) Return argument { socso4c, 04m (SF1) 


Fig. 1 Example of SQRT Execution 


(2) User Notes 


(a) ST flag is set after SQRT execution. 


(b) When upper digits are not needed, "0'' must be stored in upper digits 
as shown in Fig. 2. Otherwise correct square root cannot be obtained 
since calculation is performed with undefined data in upper digits. 


ea ae 


oe es 


Fig. 2 Example When Upper Digits are Not Used 


(c) Values to the right of the binary point are truncated. 
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18. 16-BIT SQUARE ROOT 


z HMCS400 SERIES || LABEL SQRT 


DESCRIPTION 


(3) RAM Allocation 


Label 
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Figs :3 


b15 b 


MD(SO3E ~S$03B ) 


© 


om 


15 bO 


MD ($03A ~ $037) 


























RAM Allocation 


— oe ee oe 


Description 


Work area for operation on upper 2 
bits of data to take square root of. 
X and Y addresses are defined by 
XBINA and YSQUR, respectively. 


16-bit binary number to take square 
root of. 

X and Y addresses are defined by 
XBINA and YBINA, respectively. 


Work area for square root before 
execution. 

Contains 8-bit binary square root 
in MD(SO4C, $04B), and "0" in 
MD(SO4E, SO4D) after execution. 

X and Y addresses are defined by 
XSQUA and YSQUR, respectively. 


18. 16-BIT SQUARE ROOT HMCS400 SERIES || LABEL SQRT 
DESCRIPTION 


(4) Sample Application 


Shown below is a sample application using SQRT with address space allocated 
as follows. — 


MD(SOAA ~SOA7) : Number to take square root of 


MD(SOAC, SOAB) : Square root 





LWI SQ ----- Example with W=0. 
| 

LXI $3 

XSPX 

LXT SA 

LYI $7 


gee a Store 16-bit binary number to be squared 


WORK1 LAMX in entry argument. 
LMATYX 
YNEL $B 
BR WORK1 





[carseat J] ----- cans sorr, 


LXI SA 

XSPX 

LXI $4 

Be 7B OL ---- Store 8-bit binary square root, 
WORK2 LAMX contained in return argument, in RAM. 

LMATYX 

YNEI SD 

BRS WORK2 
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18. 16-BIT SQUARE ROOT fig. re-srr square root | [cu |facs4o0 seers} cu |} ics400 SERIES [LABEL | SQRT 
DESCRIPTION 


(5) Basic Operation 


(a) Fig. 4 shows calculation to obtain a square root. In this example, 
data to take square root of is $22 and square root is $5. 


®® © . 2 


---- Data to take square 
root of 





Fig. 4 Calculating a Square Root 


(b) Referring to the calculation in Fig. 4, the program is executed as 
follows. 


(i) Square root area MD(SO4EVS04B) and work area MD($03EVS03B) is cleared. 


(ii) MD($03A4 $037) and MD(S$03ES$03B) is rotated 2 bits left to fetch 
the upper 2 bits of data to take square root of, this is then loaded 
into work area MD($O03E%$03B) (Fig. 4 @ - @). 


(iii) Square root area is shifted 1 bit left, and "1" is set in LSB 


(Fig. 4 @-@). 


(iv) Square root area is subtracted from work area and result stored in 
work area (Fig. 4 @) -@) ; 


(v) If result is positive, square root area is incremented (Fig. 4 ()-@)). 
If result is negative, work area is added to square root area, 
result is stored in square root area, result is stored in square 
root area and clears "1" setting in (iii) (Fig. 4 (©) ,@-©). 


(c) Operation loops from (ii) to (v) 8 times and then square root area is 
shifted 1 bit right (Fig. 4 @,@-® is square root). 
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18. 16-BIT SQUARE ROOT HMCS400 SERIES |} LABEL SQRT 


FLOWCHART 


SQRT 


Load address of square root into 
> cis eas ee ewes 
ec Las { SPX register. 


--—-{ head address of work area and data 
to take square root of into X register. 


” 
ye) 
rs 
4 


XBINA * X 


$O>MD (SO3E Clear RAM for work area and square 






$03B) a eeee root (solution). 
SO>MD (SO4EV 
SO4B) 
----{ Load number of shifts into shift 
counter. 
SQRT2 @ 
YBINA > Y 
CASQR Load upper 2 bits of number to take 
---- square root of into lower 2 bits of 
YBINA > Y work area. 


0 > CA 


CASQR 


X <> SPX 


YSQUR > Y 
eee eae Set "1" in solution. 


1 > CA 


CASQR 
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18. 16-BIT SQUARE ROOT : HMCS400 SERIES||LABEL|| SQRT 
FLOWCHART 


---| Subtract solution from work area. 





Y#BASWR 


Y#BASWR 






y 


Y=BASWR 


Test whether subtraction result is 


<a @ positive or negative. 


CA=0 


YSQUR > Y 


SQRT4 


Add solution to subtraction result 
to return to state before subtraction. 





Y#BASWR 
BR Y#BASWR 


Y=BASWR 
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18. 16-BIT SQUARE ROOT HMCS400 SERIES || LABEL SQRT 
FLOWCHART 


SQRT5 


YSQUR > Y 


SQRT6 


M+A+CA +A 
A> M 


Y#BASWR 


Y#BASWR 





—-----| Increment solution. 


pe 









Y=BASWR 





-~---+ Clear "1" setting in solution. 
0 > M(O) 


YSQUR > Y 


Load X address in which work area 


es hese s [ ena data to take square root of 
are stored. 

eee eee counter indicating 
number of shifts. 


Test if shift is completed. 


re 
~K 
Ur 
hey 
t 
i 
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18. 16-BIT SQUARE ROOT HMCS400 SERIES||LABEL|] SQRT 
- FLOWCHART | | 


Shift solution right to adjust 
digits. 









Y#BASQU 


Y=BASQU 


Rotate RAM specified by X and Y 
addresses 1 bit left. 







Y#BASWR 


Y#BASWR 


Y=BASWR 
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18. 16-BIT SQUARE ROOT 
PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


HMCS400 SERIES || LABEL 





00001 010 0000 LLEN 132 

00002 JFOIOOOIOROIOOIOIOIOIOIOR IOI IOI OI OI IOI OO IDIOIGIOIOI IOI ICICIDIDIOIGIGIOIC A IOIOR HOKE 

00003 * * 

00004 * NAME : 16-BIT SQUARE ROOT (SORT) * 

0000S * * 

00006 OOOO OOO OIOOOICIOIOIOOIOIOIOIOIOI IOI IOI OIOIOICIOIOIOR NOOO OR IOI GOIOIOIOIOR IUIOIOK 

00007 * * 

00008 * ENTRY : MOC$03A-$037) CDATA TO BE SQUARED) * 

00009 * RETURNS : MOC$04C.$046) CSOQUARE ROOT) * 

00010 * * 

00011 FOO OROIOOIOIGI IOI IO IDICIOIOI ORI IOIIDIOK IOIGIOIICIOIOIIOIDIDIDIG I IOIDIOIIIOK 

00012 * 

00013 XBINA EQU $3 DATA TO BE SQUARED & WORK AREA ADORCX) 
00014 XSQUA EQU $4 SQUARE ROOT ADDR(X) 

0ng01s YSGQUR EQU $8 SQUARE ROOT LSD ADDRCY) 

00016 YBINA EQU $7 DATA TO BE SQUARED LSD ADDRCY) 
00017 YSLSB EQU $E SQUARE ROOT & WORK AREA MSD ADDRCY) 
00018 BASWR EQU $F SQUARE ROOT & WORK AREA MSD ADDRCY)+1 
00019 BASOU EQU $A DATA TO BE SQUARED MSD ADORCY> 
00020 * 

00021 ORG $0100 

00022 SORT EQU * ENTRY POINT 

00023 224 0100 LXI XSQUA LOAD SQUARE ROOT ADDRCX) INTO REGCSPX> 
00024 001 0101 XSPX 

00025 223 0102 LXI XBINA LOAD DATA TO BE SQUARED ADDR INTO REGCX) 
00026 21B 0103 LYI *SGUR 

00027 230 0104 LAI $0 CLEAR SQUARE ROOT AREA & WORK AREA 
00028 095 0105 SORT 1 LMAX 

00029 051 0106 LMAIYX 

00030 O7F 0107 YNEI BASWR 

00031 305 0108 BRS SORT1 

00032 207 0109 LBI $7 LOAO SHIFT COUNTER 

00033 217 010A SORT2 LYI YBINA LOAD UPPER 2-BIT OF OATA TO BE SQUARED- 
00034 OEC 0108 REC INTO LOWER 2-BIT OF WORK AREA 
00035 160 130 0O10C CALL CASOR 

00036 217 010E LYI YBINA 

00037 OEC O10F REC 

00038 160 130 0110 CALL CASOR 

00039 001 0112 XSPX SET LSB OF SQUARE ROOT 

00040 218 0113 LYI YSGUR 

00041 OEF 0114 SEC 

00042 160 130 O115 CALL CASOR 

00043 OEF 0117 SEC WORK AREA - SQUARE ROOT -> WORK AREA 
00044 216 0118 LYI YSQUR 

00045 091 0119 SORT3 LAMX 

00046 098 011A SMC 

00047 OSl 0118 LMAIYX 

00048 O?VF O11c YNET BASWR | REG(Y) =/ BASWR 7? 

00049 319 0110 BRS SORTS BRANCH IF REGCY) =/ BASWR 

000S0 O6F O11E TC TEST CARRY 

00051 32A O11F BRS SORTS BRANCH IF WORK AREA < SQUARE ROOT 
00052 218 0120 LYI YSQUR WORK AREA + SQUARE ROOT -> WORK AREA 
00053 OEC 0121 REC 

00054 O91 0122 SORTS LAMX 

000SS 018 0123 AMC 

00056 OSi 0124 LMAIYX 

000S7 O7F 0125 YNEI BASWR 

00088 322 0126 BRS SORT4 

00059 218 0127 LYI YSOUR CLEAR LSB OF SQUARE ROOT 

00060 088 0128 REM $0 

00061 231 0129 BRS SORT? 

00062 OEF 012A SORTS SEC SQUARE ROOT + $1 -> SQUARE ROOT 
00063 218 0128 LYI YSQUR 

00064 230 012C SORT6 LAT $0 

00065 018 0120 AMC 

00066 050 O12€ LMALY 

00067 O?F 012F YNEI BASWR 

00068 32C 0130 BRS SORT6 

00069 gol 0131 SORT? XSPX DECREMENT SHIFT COUNTER 

00070 OCF 0132 08 

00071 30A 0133 BRS SORT2 LOOP UNTIL SHIFT COUNTER = $F 
00072 001 0134 XSPX ADJUST OIGITS 

00073 21E 0135 LYI YSLSB 

00074 OEC 0136 REC 

0007S 090 0137 SORTS LAM 

00076 0A0 0138 ROTR 

00077 ODN 0139 LMADY 

00078 O7A 013A YNEI BASQU 

00079 337 0138 BRS SORTS 

00080 010 013C RTN 

00081 090 0130 CASOR LAM ROTATE MEMORY 1-BIT LEFT 

00082 0Al O13E ROTL 

00083 0S0 OL3F LMAILY 

00084 Q7F 0140 YNET BASWR 

00085 33D 0141 BRS CASOR 

00086 010 0142 RTN 
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HMCS400 SERIES || LABEL SQRT 


18. 16-BIT SQUARE ROOT. 


PROGRAM LISTING 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


XBINA: Defines X address of number-to take square root of. 
XSQUA: Defines X address of square root. 
YSQUR: Defines LSD Y address of square root. 


YBINA: Defines LSD Y address of number to take square root of. 
(YSQUR-$4) 


YSLSB: Defines MSD Y address of square root. (YSQUR + $3) 


BASWR: Defines MSD Y address plus 1 of work area. (YSQUR + $4; if this 
is overflow, value should be defined as $0.) 


BASQU: Defines MSD Y address of number to take square root of. 
(YSQUR-$1) 
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19. CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD HMCS400 SERIES|] LABEL 
FUNCTION 


Converts 2-byte hexadecimal data in RAM into 5-digit BCD data and stores 


result in RAM; uses unsigned integers as arguments. - 








CHANGES IN CPU 
REGISTERS AND FLAGS 





SPECIFICATIONS 


ARGUMENTS 
1 digit= 4 bits 
Contents DROEaRE nO 
Location | Digits 


MD (SO4Dv 
SO4A) 















: Not affected 
x : Undefined 
>: Result 








1 word=10 bits 


ROM (Words) 
RAM (Digits) 
os eee 
Stack (Digits) 
No. of cycles 
Ba" eee 
fe) 
Ss 
















2-byte 
Entry hexadecimal 


Returns | 2~digit 
BCD 


DESCRIPTION 


(1) Function Details 



















MD ($046 % 
$042) 






N 
Relocatable 





Interrupt OK? 





(a) Argument details 


MD(SO4D VS04A): Holds a 2-byte hexadecimal number to be converted into 
BCD number. 


MD($046 %S$042): Contains.a 5-digit BCD number. 


Example of HEX execution is shown in Fig. l. 

If argument is as shown in part @ of Fig. 1, a 5-digit BCD number, 
in this case "52734", is contained in MD($046 ‘VS$042), as shown in. 
part (2) of Fig. 1. 





SPECIFICATIONS NOTES 
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19. CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD 


HMCS400 SERIES || LABEL | Hex 
DESCRIPTION | | 


MD ($04D ~$04A) 


b15 bO 
@ Entry { MD($04D ~ $04A) ($CDFE) | G | D | F |= | 
argument j | 
MD ($046 ~ $042) 
b19 bO 
@ Return MD ($046 ~ $042) 
argument (52734) 


Fig. 1 Example of HEX Execution 
' (2) User Notes 


(a) ST flag is set after HEX execution. 


(b) When upper digits are not needed, "0" must be stored in upper 
digits as shown in Fig. 2. Otherwise correct result cannot be 
obtained since conversion is performed with undefined data in upper 
digits. | 


LO TO} ETF 


| 


oe ee ee oe 


Fig. 2 Conversion Example When Upper Digits are 
Not Needed 


(c) After HEX execution, a 2-byte hexadecimal number is destroyed. 
If a 2-byte hexadecimal number needs to be retained after HEX execution, 
it should be saved in memory before execution. 
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19. CONVERT 2~BYTE HEXADECIMAL INTO 5-DIGIT BCD HMCS400 SERIES |{ LABEL 
DESCRIPTION 


(3) RAM Allocation 


q--4-- 


' 
ee ee a 
' By | 





























Label RAM Description 
bi5 bO 2-byte hexadecimal number. 
X and Y addresses are 
= MSD Saas EE LSD 
2 defined by XHEXD and YHHEX, 
MD ($04D ~ $O4A) respectively. 
b19 bO 5~-digit decimal number, 


= oe ae 


MD(S046 ~S$042) ons 
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19. CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD 
| DESCRIPTION 


(4) Sample Application 


HMCS400 SERIES {| LABEL 


Shown below is a sample application using HEX with address space allocated 
as follows. | 7 | | | | | 


MD($OAD “’ $0AA): 2-byte hexadecimal number 





MD($OA6 \. $O0A2): 5-digit BCD number 


LWT , 66, *veceee Example with W=0. 
! 
XSPXY 
LXI $4 
XSPX 
LXI SA 
eee Le (oeane Store a 2-byte hexadecimal number in 
WORK1 LAMX entry argument. 
| LMATY = | 
YNEI cous 
BRS WORK1 
i CALL HEX ; oe Call HEX. 
LXI SA 
XSPX 
LXI $4 
pee 76 ~--- Store 5-digit BCD number, contained in 
WORK2 LAMX return argument, in’ RAM. 
LMADY 
-YNEI $1 
BRS WORK2 
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19. CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD [19. CONVERT 2-BYTE HEXADECINAL INTO 5-prcrT op|| MCU |xmcs400 SERIES HMCS400 SERIES |} LABEL ce 
DESCRIPTION 


(5) Basic Operation 


(a) If ABCD is 4-bit binary number, it is expressed as shown in Formula 1 
and Formula 2. 


ABCD =AX22?+Bx2%+4+Cx2!4+pDx2° 2.2... (Formula 1) 


=[ {(Ax2) +B} x2+C]x2+D ..... (Formula 2) 





Fig. 4 4-bit Binary (ABCD) 


(b) =(A x2)+B is first performed, referring: to hare? rae 
Second, decimal adjustment is performed. Next, 8 =(a x2)+C, Y=(B x2)+D 
is calculated. Each calculation result is decimal adjusted to obtain 
final 5-digit binary number. 


(c) Calculation of a = (A X2)+B 


(i) Binary number string MD($04D~S04A) is rotated left, and LSB is 
loaded into CA flag. 


(ii) Decimal number string MD($046 \$042) is shifted left to calculate 
(AX2). Contents of CA flag is added to LSB of decimal number 
string to calculate (+B). a=2=(AX*2)+B is performed by this 
process. 





(iii) Addition result is decimal adjusted. 


(iv) Operation loops from (i) to (iii) 16 times to complete conversion 
of a 2-byte hexadecimal number into a 5-digit BCD number. 
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19. CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD 


~ FLOWCHART 
( 





HMCS400 SERIES || LABEL [ Hex | 





HE | 

Load X address, where a 2-byte 

XHEXD +> X --[ nexadecinal number and 5-digit BCD 
number is stored, into X register. 
Clear RAM for BCD number. 

S$O°>MD ($047 ut | 
$042) 
ae number of shifts into shift 
SFB al fae 

counter. 


HEX2 &> 
YHHEX > Y 







Rotate A 
1 bit left 


Shift a 2-byte hexadecimal number 
and load LSB into CA flag. 


_ Y#BAHEX 


; 


Y=BAHEX 
YHDEC > y | _.| Load LSD address, where BCD number is 
stored, into Y register. 
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19. CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD HMCS400 SERIES || LABEL | HEX | 


FLOWCHART 


Double BCD number in RAM and add 
MSB of hexadecimal number to result. 








Rotate A 
1 bit left 


Test if a 5-digit BCD number 
conversion is completed. 


Decrement shift counter. 


Test if shifts are completed. 


___| Adjust result into decimal and store 
it in RAM as BCD number. 
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19. CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD 
| PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 010 0000 LLEN 132 

00002 ROOIOOIOR OR IOIORIOR IORI OOIOR IOI OR IOI IORI OK AOR IOI IOIO OK ICACICIOIOOR I OI OOIOIOIOK AOIOK IOIOK OK 

00003 * « 

00004 * NAME : CONVERT 2-BYTE HEXADCIMAL INTO S-DIGIT BCD (HEX)  »* 

00005 * a 

00006 OQIOIOIO IO OR OI OR IOCIOOI GOI ICO HOR OR ICICI IOIOIOIOIOIOOOOI OOK IO IOI IO IOI ICIOICIOK HOR KOK KOK HOK 
_ 00007 * it 

00008 * ENTRY > MOC$040-$04A) (2-BYTE HEXADECIMAL DATA) »* 

00009 POR RETURNS >: MOC$046-$042) (S-DIGIT BCD DATAD « 

00010 * * 

00011 OIOOISIOIOIOI ZO IO IOI ICICI IOI ICICIOIOK IOI IOIOIIOIIOIOIO IO CIOIOIOI COICO IO FOIOK ACIOIOK AK ICHOIIOK 

00012 * 

00013 XHEXD EQU $4 HEXADECIMAL ANOD BCO DATA ADOR CX) 

00014 ‘HHE X EQU $A 2-BYTE HEXADECIMAL DATA LSO. ADDRCY) 

00015 YHOEC EQU $2 S-DIGIT BCO DATA LSD ADDRCY> 

00016 BAHE X EQU $E 2-BYTE HEXADECIMAL DATA MSO ADDRCY) +1 

00017 BADEC EQU $7 S-DIGIT BCD DATA MSD ADDRCY)+1 

00018 * 

00019 ORG $0100 

00020 HE X EQU * ENTRY POINT 

00021 224 0100 LXI XHEXD LOAD HEXADECIMAL ADDRCX) 

00022 212 0101 LYT YHDEC LOAD BECO DATA ADDRCY> 

00023 290 01902 HEX1 LMILY $0 ; CLEAR BCO DATA ADDRCY) 

00024 0?7 0103 YNET BADE C 

00025 302 0104 BRS HEX1 

00026 20F 0105 LBI SF LOAD SHIFT COUNTER 

ON027 21A 0106 HEX2 LYI YHHE X . LOAD HEXADECTIMAL BATA ADDRCY> 

00028 090 0107 HEX3 LAM SHIFT HEXADECIMAL DATA 1L-BIT LEFT 

00029 OA1 0108 ROTL. 

09020 O50 0109 LMALY 

00031 O?E 010A YNET BAHE xX 

00032 307 © 0108 BRS HEX3 

00033 212 010C LYT YHDEC - © LDAOD BED DATA LSD ADDRCY> 

00034 090 0100. HEX4 LAM. BCD DATA AREA*2+CA->A 

00035 OAL O10E ROTL 

00036 OAG OLOF DAA CONVERT INTO BCD OATA 7 

00037 0S0 0110 LMALY LOAD DECIMAL DATA . 

00038 O77 0111 YNET BADEC TEST IF CONVERSION IS COMPLETED 

00039 30D 0112 BRS HEX4 

00040 OCF 0113 08 DECREMENT SHIFT. COUNTER 

00041 306 0114 BRS HEX2 LOOP UNTIL SHIFT COUNTER = $F 

00042 010 0115 ve RTN 





When storing arguments in other RAM locations, change the EQU 
operands for the following labels. | 


XHEXD: Defines X address of a 2-byte hexadecimal number. and 
a 5-digit BCD number. 


YHHEX: Defines LSD Y address of 2-byte hexadecimal. 

YHDEC: Defines LSD Y address of 5-digit decimal. 

BAHEX: Defines MSD Y address plus 1 of 2-byte hexadecimal. 
(YHHEX + $4; if this is overflow, value should be defined 
as SO.) . 

BADEC: Defines MSD Y address plus 1 of 5-digit decimal. 


(YHDEC + $5; if this is overflow, value should be defined 
as SO.) 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL HMCS400 SERIES|| LABEL | fmmcXeD) 
FUNCTION | | 


Converts 5-digit BCD data in RAM into 2-byte hexadecimal data, and stores 


result in RAM; uses unsigned integers as arguments. 
CHANGES IN CPU 
REGISTERS AND FLAGS SPECIFICATIONS 
@e : Not affected 


x : Undefined 
: Result 














ARGUMENTS 
1 digit= 4 bits 
Location | Digits 
MD (S046 v 


5-digit BCD $042) 












1 word=10 bits 


ROM (Words) 
RAM (Digits) 


Stack (Digits) 
eee OP eee 













No. of cycles 
ee AO oe a 










2-byte MD($04E % LNo 
Returns | hexadecimal $04B) 






Interrupt OK? 





DESCRIPTION 


(1) Function Details 






(a) Arguments details 


MD($046 V$042): Holds a 5-digit BCD number to be converted into 
hexadecimal. 


MD(SO4E ~S04B): Contains a 2-byte hexadecimal number. 


MD ($046 ~ $042) 
b19 bO 


@ Entry argument MD ($046 ~~ $042) 


(52734) | 


MD ($O4E \ $04B) 
b15 b0 


@ Return argument ,MD(SO4E \ S04B) 
Ce oe ae ee 


Fig. 1 Example of BCD Execution 
SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required to 
convert 59999 into hexadecimal data. 
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20. CONVERT 5-DIGIT BCD INTO 2~BYTE HEXADECIMAL 


- DESCRIPTION 


(b) Example of BCD execution is shown in Fig. l. 





HMCS400 SERIES || LABEL 


If entry argument is as shown in part @ of Fig. 1, a 2-byte 
hexadecimal number is contained in MD(SO4E ~S04B) as shown in 


part @ of Fig. l. 
(2) User Notes 


(a) ST flag is set after BCD execution. 


(b) 5-digit BCD number must be less than 65536, otherwise correct result 
cannot be obtained. 
(c) Entry argument must be BCD format, otherwise correct result cannot be 
obtained. . 
(3) RAM Allocation 


erage Rema 


‘ 
' 
( 
= 


— = 9s ae ow 





Fig. 2 RAM Allocation 
RAM 
b15 b0 


MD(SO4E © S$04B) 


Label 


bl 


SN 


MD(S046 © $042) 





bO 


MSD LSD 


~MD(SO5E ™~ $05B) 
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Description 


2-byte hexadecimal number. 
X and Y addresses are 
defined by XBBCD and YBDEC, 


respectively. 


5-digit BCD number. 

X and Y addresses are 
defined by XBBCD and YBDEC, 
respectively. 


Work area for decimal 
conversion. 

X and Y addresses are 
defined by XBWOR'‘and YBDEC, 
respectively. 


20. CONVERT 5-DIGIT BCD INTO 2—BYTE HEXADECIMAL HMCS400 SERIES I! LABEL 
DESCRIPTION | 


(4) Sample Application 


Shown below is a sample application using BCD with address space allocated 
as follows. 


MD (SOA6 ~$0A2): 5-digit BCD number 


MD(SOAE ~ SOAB): 2-byte hexadecimal number 








LWL SOQ 3 _ = --=-- Example with W=0. 
, 

LXI $4 

XSPX 

LXI SA 

a 76 ---- Store a 5-digit BCD number in entry 
WORK1L LAMX argument. 

LMADY 

YNEI $1 

BRS WORK1 

| CALL BCD |---- Call BCD. 

LXI SA 

XSPX 

LXI $4 

Bee a eee Store a 2-byte hexadecimal number, 
WORK2 LAMX : contained in return argument, in RAM. 

LMATY 

YNEI SF 

BRS WORK2 
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HMCS400 SERIES || LABEL 


20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL 


DESCRIPTION 
(5) Basic Operation 


(a) If ABCD is in 5-digit BCD number, it is expressed as shown in 
Formula 1 and Formula 2. 


ABCD 


A x10? +B x102 +c x10! +D x10° ...(Formula 1) 


[ { (A x10) +B }x10+C] x10+D ...(Formula 2) 


| 


' 
! 
0. t 


B 


Ee a ee ee LE EE ee 
Y 


Fig. 3 4-digit BCD (ABCD) 


(b) 5-digit BCD can be converted into hexadecimal as follows. 
First, ® = (A x10) + B is calculated to determine a in Fig. 3 (Formula 2). 


Next B = (a x10) +C, y = (8 X10) + D are calculated to determine 8 and jy, 
respectively. 


(c) Calculation of AX10 is performed using formula 3 and 4; 


il 


A x10 AX(2 + 8)  waeee (Formula 3) 


je Ce aa ee (Formula 4) 


(d) Program processing 


(i) To perform Formula 4, MD(SO4E ‘VS04B) and MD($046 V$042) are used by 
BCD for arguments, and MD($O5E%~S$05B) is used as work area. 


(ii) Referring to (Formula 4), A is first load into MD(S$O4E VS04B), 

| shifted 1 bit left, and the result stored in MD(SO5E‘VS$05B). _ 
Next, MD(SO5E ‘VS05B) is shifted 2 bits left. Finally, MD(SO4E VSO4B) 
is added to MD($O5E%VS05B). Ax10 in (Formula 4) is performed by 
this process. 


(iii) Repeat (i) and (ii) step 5 times to complete conversion from 
a 5-digit BCD number into 2-byte hexadecimal number. 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL HMCS400 SERIES || LABEL | scp | 


FLOWCHART 


BCD 


XBWOR > SPX --| Load work area address into SPX register. 
YBDEC > SPY Su Load MSD address of 5-digit BCD RAM 

into SPY register. 

Load address, where 5-digit BCD number 
and a 2-byte hexadecimal number is 
stored, into X register. 


XBBCD > X = 


' 
t 


Clear work area and RAM for 
2-byte hexadecimal number. 


SO>MD (SO4Ev 
O4B 


$S0O>MD (SO5EV 
$05B) 






BCD2 (4) 
| YBHEX + Y 





Add 1 digit of a 5-digit BCD number 
to 2-byte hexadecimal RAM.. 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL|| MCU [cu] -HMCS400 SERIES || LABEL 
FLOWCHART ; | 


. SPY «> Y 
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Y=BABHE 


Y «> SPY 


- Y#BABDE 


Add carry generated in 2-byte 
hexadecimal RAM. 


----| Decrement pointer to digits of a 
5-digit BCD number. 


Test if 5-digit BCD conversion is 
completed. 


ee Y#BABDE 


Y=BABDE 


20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL HMCS400 SERIES }| LABEL 


BCD4 


YBHEX > Y 


Double 2-byte hexadecimal RAM by 
shifting 1 bit left. 


Store the doubled number in 
work area. 





Y#BABHE 


Y=BABHE 


BCD6 








BCD7 


Rotate A 
1 bit left Shift data in work area 2 bits left: 


multiply doubled data by 4. 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL 


HMCS400 SERIES || LABEL 
FLOWCHART | Pe oe 


Add doubled 2-byte hexadecimal 
number to 8-times-multiplied 

Se data in work area. Store result 
in 2-byte hexadecimal RAM. 


As a result, 2-byte hexadecimal 
RAM is multiplied by 10. 


_..]| Load X address of a 5-digit BCD 
number. 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL 
PROGRAM LISTING 


ST-NO OBJECT ADRS SQURCE STATEMENTS 





| LABEL 





00001 010 0000 LLEN 132 

00002 JOO OI OIOK HORI IOI IORI IOICIOIOIOI IORI OI OIOIOIOI IOI OIIOIOR AOIOICIDIOIOIOIOR IO KK HOK 

00003 * »* 

00004 * NAME : CONVERT S-ODIGIT BCO INTO 2-BYTE * 

0000S * HEXADECIMAL <BCD) 

00006 SOCIO ORO IOI ICO ICIOIOIOR OK OO ICIOIOIOI HOROIOI OI OK OI OIOI IOI OIF OI IORI HOK 

00007 * * 

00008 * ENTRY >MD($046-$042)¢S-DIGIT BCD DATAD * 

00009 * RETURNS >MO¢ $04E-$04B) (2-BYTE HEXADECIMAL DATA) x 

00010 * * 

00011 JOOOOIOIOIO ORO IORI TOR OIG OI IK OI IGOR IOIOICOROIOIOI IOI COICO IORI IOI KOK 

00012 x : 

00013 ’ XBBCD EQU $4 BCD AND HEXADECIMAL DATA ADDRCX> 
00014 XBWOR EQU $5 WORK AREA ADDR(X) 

00015 YBHEX EQU $8 2-BYTE HEXADECIMAL DATA LSD ADORCY) 
00016 YBDEC EQU $6. S-DIGITE BCD DATA MSD ADDR CY) 

00017 BABHE EQU $F 2-BYTE HEXADECIMAL DATA MSO ADDR(Y +1. 
00018 BABDE EQU $1 S-OIGIT BCD DATA LSO ADDRCY)-1 

00019 * . 

00020 ORG $0100 

00021 BCD EQU * ENTRY POINT 

00022 225 0100 LXI XBWOR LOAD WORK AREA ADDR SPX) 

00023 216 0101 LYI YBDEC LOAD BCD DATA MSD ADDR (SPY) 

00024 003 0102 XSPXY 

00025 224 0103 LXI XBBCD LOAD BCO & HEXADECIMAL DATA ADDR(X> 
00026 21B ' 0104 LYI ' YBHEX LOAD HE XADECIMAL DATA: ADORCY) , 
00027 230 0105 LAI $0 CLEAR WORK AREA & HEXADECIMAL DATA AREA 
00028 095 0106 BCD1 LMAX 

00029 O51 0107 LMAIYX 

00030 O?F 0108 YNET BABHE 

00031 306 0109 BRS BCD1l 

00032 218 010A BCD2 LYI YBHEX LOAD 2-BYTE HEXADECIMAL DATA ADDR Y> 
00033 002 0108 XSPY 

00034 OEC 010C REC A + HEXADECIMAL DATA -> HEXADECIMAL DATA 
00035 092 0100 LAMY 

00036 018 010€ AMC 

00037 050 O10F LMALY 

00038 230 0110 BCD3 LAT $0 ADD CARRY 

00039 018 QO111 AMC 

00040 0s0 0112 LMATY 

00041 O?F 0113 YNET BABHE 

Q0042 310 0114 BRS BCD3 

00043 002 0115 XSPY 

00044 OOF 0116 OY DECREMENT 8CO DATA ADORCY) 

00045 O71 O11? YNET BABDE TEST IF BCD CONVERSION IS COMPLETED 
00046 002 0118 xSPY 

00047 218 0119 BRS BCD4 

00048 010 Q11A RTN 

00049 218 0118 BCO4 LYT YBHEX 
O000SD OVO O11C BCOS LAM HEXADECIMAL DATA * 2 -> HEXADECIMAL DATA & WORK AREA 
00051 OAL 0110 ROTL 

000S2 095 OL1E LMAX 

00053 0S1 O1L1F LMAIYX  . 

00054 Q?7F 0120 YNET BABHE 

QO0SS 3iC O12] BRS BCOS 

00056 201 0122 LBI $1 HEXADECIMAL DATA * 4 ~> HEXADECIMAL DATA 
O00S? 218 Q123 BCDS LI YBHE X 

000S8 OF0 0124 BCO? L.AM 

O00S9 OA1 0125 ROTL 

Q0060 Oso 0126 LMALY 

00061 O7F 0127 YNETI BABHE 

O0NNEé?2 324 0128 BRS PCO? 

00063 OCF 0129 0B 

00064 323 012A ’ BRS BCDS 

0006S 001 0128 XxSPX 

00066 218 012C LYI YBHEX HEXADECIMAL DATA + WORK AREA -> HEXADECIMAL DATA 
00067 091 0120 BCO8 LAMX 

00068 018 012E AMC 

00069 051 O12F LMAIYxX 

on0070 O?F 0130 YNET BABHE 

GCO71 220 0131 BRS BCO8 

O00?2 001 0132 XSPX LOAD BCD DATA ADDRCX) 

Q0073 30A 0133 BRS BCD? 
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120. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL HMCS400 SERIES || LABEL 


PROGRAM LISTING 


When storing arguments in sehey RAM locations,» onan the EQU 
operands for the following labels. 


XBBCD: 


XBWOR : 
YBHEX: 
YBDEC: 


BABHE: 


BABDE: 
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Defines X address of a 5-digit BCD number and-a 2-byte 
hexadecimal number. 


Defines X address of work area. 


Defines LSD Y address of work area and 2-byte hexadecimal. 


Defines MSD Y address of 5-digit BCD. (YBHEX-$5) 
Defines MSD Y address plus 1 of 2-byte hexadecimal. 
(YBHEX + $4; if this is overflow, value should be 
defined as SO.) 


Defines LSD Y address less 1 of S-digit BCD. (YBHEX-SA; 


iff this is negative, value should be defined as $F.) 





BCD 








21. SORT HMCS400 SERIES} | LABEL 
FUNCTION 


Sorts a specified number of bytes in RAM in descending order; uses unsigned 


integers as sorting data. 
CHANGES IN CPU 
REGISTERS AND FLAGS SPECIFICATIONS 


: Not affected 
: Undefined l word=10 bits 
ROM (Words) 
ae Saree 
RAM (Digits 


: 
Stack (Digits) 












ARGUMENTS 
1 digit= 4 bits 
Storage No. of 
to be sorted 


Starting 
address of 


data to be 
sorted (X) 


















a ea te eae al 

| CUNOCCiC‘<;’ 
Relocatable 

[CUNOCt~‘“‘C‘*dULS 
Interrupt OK? 











Starting ad- 
dress of data 
to be sorted 


(Y) 


ne ee 


DESCRIPTION 


(1) Function Details 











(a) Argument details 


A : Holds number of bytes to be sorted minus 2 as a l-byte 
hexadecimal number. 


X, SPX: Holds starting X address of data to be sorted. 

Y, SPY: Holds starting Y address of data to be sorted. 

Example of SORT execution is shown in Fig. l. 

If entry arguments are as shown in part @ of Fig. 1, sorted data is 
stored from MD($053) in descending order as shown in part @) of Fig. 1. 


As number to be sorted is 5 bytes, $3 is loaded into Accumulator as 
shown in part @ of Fig. 1. 





SPECIFICATIONS NOTES 


"RAM" and "No. of cycles" in "SPECIFICATIONS" indicates that required to sort 
5 bytes of ascending data in descending order. | 
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DESCRIPTION 





(21. SORT a. | 7 HMCS400 SERIES SORT 
A gee | 






No. of bytes to be sorted 
($3) | 
X SPX 
| | 
@ Entry Starting address a Spy 
arguments MD($053) 
| 
b39 b0 2 a 
—MD($053 — | v ~- - $05C) 
| 5-byte data is 
sorted in 
eo 7 descending order. 
: | | b39 , 8 BO 
@reoult J[riTr[alolelteli o[ole 
| | ( MD($053 v $05C) 


Fig. 1 Example of SORT Execution 
(2) User Notes 


‘Number of bytes to be sorted must be loaded as "No. of bytes -~ $2" into 
Accumulator for correct loop processing. 


(3) RAM Allocation 





ome ams emg en am a a om jo ay an ae ae oe — ~~ = om a oe om 


! 

' 
Shee 

t 


—— > 


—_—— om a mee 


Fig. 2 RAM Allocation 


Label RAM : st . Description. 
, —b3._ «DO : | | 
 SCNTL : Yi . Counter indicating number of 
oo, VA remaining bytes to be sorted. 
MD($04D) 
b3 bO 
12 Counter indicating number of 
BEN remaining values to be compared. 
~MD($04C) | | _ | 
b3 bO | 
\ 
/SWORK — WN | “ k ; 
\ : a: ngs So 


MD(S04B) 
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DESCRIPTION 


21. SORT HMCS400 SERIES SORT 


(4) Sample Application 


Shown below is a sample application using SORT with address space 
allocated as follows. 


MD (SOAE) : Number to be sorted 
MD(SOAD, SOAC): Starting address of number to be sorted 





LWIL S05 “HES rSe Example with W=0. 
! 
LAMD SOAD 


XSPX ; 
Load starting address of number to be 


LXA sorted into entry argument. 
LAMD SOAC 

LYA 

XSPY 

LYA 


LAMD SAm: sees Load number of bytes to be sorted 


into entry argument. 


| CALL SORT ----- Call SORT. 
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HMCS400 SERIES |} LABEL }j SORT 


DESCRIPTION. 


(5) Basic Operation 


(a) Fig. 3 shows how 3 units of number are sorted in descending order. 


Input data 5 10 8 Number of bytes: n=3 


First a. 


comparison | | 
(rerFornes } 10 5 GS 2htea@) Note: 
cS 


n-1=2 time ae ei 
a N Sees ; 
10 5 Si dacdees @) "indicates 
comparison 
a ey 
Second 10 5 CO. decuiens ) y~nindicates 


comparison , data exchange 
performed 
Ss 


n-2=l1 time 


Fig. 3 Sorting Example 


(i) Determines the largest. value among the three and places it into the 
left position. (See Fig. 3 Oo and @)) 

(ii) Compares middle and right values and places the larger one in the 
middle. (See Fig. 3 (@),@) | | 


(b) Program processing 


(i) Number of bytes to be sorted (Accumulator) is loaded into SCNTI1. 
SCNT1 is used as sort counter. 


(ii) SCNT2 is used as pointer to number in RAM to be sorted. SCNT2 is 
initialized to SCNT1 value every time SCNT1 is decremented, i.e., 
as sorting continues, the number of values to be sorted is reduced. 


(iii) Value to be compared pointed to by X and Y registers is loaded into 
Accumulator and B register. 


(iv) Address where value is stored is incremented and new value is 
compared with value in Accumulator and B register. 


(v) First, upper digits of values are compared. 
If value is larger than or equivalent to compared value, then 


lower digits are compared. 


(vi) If value in memory is larger than compared value in Accumulator 
and B register, they are exchanged. 


(vii) SCNT2 showing number of remaining bytes is decremented; operation 
loops from (iv) to (vi) until SCNT2 is SO. | 
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21. SORT HMCS400 SERIES |} LABEL 
DESCRIPTION 


(viii) 


(ix) 


(x) 


(xi) 


(xii) 


When SCNT2 reaches $0, largest value compared with Accumulator 
and B register is stored. 


The largest value is stored in the address specified by X and Y 
registers. 


X and Y addresses specified in (ix) is decremented to indicate 
address of next value to be compared. 


SCNT1 showing how many data remain to be compared is decremented. 


Operation loops from (iii) to (xi) until SCNT1 is $0. 
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21. SORT — 


FLOWCHART 


SORT 


SORT 
A + SCNT1 


SORT1 


SCNT24SF 


<TR > 


SCNT2=SF 
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| Load first value to be sorted into 


=) Load Y address of value. 


HMCS400 SERIES SORT 


Store number of bytes to be sorted 
in SCNT1. 


Store number of values to be 
sorted in SCNT2. 


Accumulator and B register. 


Load Y address of next value to be 
sorted. 


Test if Y address of value needs 
to be incremented. 


sorted. 


= ee X address of value to be 


Compare upper digits of values. 


Branch if value is larger than 
compared value. 


Decrement SCNT2. 


Test if comparison is completed. 


21. SORT HMCS400 SERIES||LABEL|} SORT 
FLOWCHART 





Store largest value (Accumulator, 
B register) in RAM. 


X +> SPX 


Y <> SPY 


SPY > Y 


<BR > Y#S0 ” 


A+S1 7A 


Load address in which second 
largest value is stored. 


: 
: | 


Test if X address of SPX register 
needs to be incremented. 





A > SPX Increment X address of SPX register. 


Load X address of next value to be 
compared. 


A>+xX os 
SCNT1-1 
+ SCNT1 -- 
SCNT1#$F 


Decrement SCNT1. 


; 


Test if all data is sorted. 


ep 
© 
rs) 
ry 
. ON 
Pod) et. ee ed 


SCNT1=SF 


RTN 
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21. SORT Pr a 4 ete fet HMCS400 SERIES || LABEL SORT 
 FLOWCHART | - 





Test if upper digits of values 
are equivalent. 


Lead Y address of lower digits of: 
value to be sorted. 


If value is larger than compared 
value, branch to SORTS8. 


Reload Y address of upper digits 
of value. 


If value is larger than compared 
value, exchange them. | 


+ lower digits of values. 
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[ _PRocram tisrinc | LISTING 





ST-NO OBJECT ADRS SOURCE STATEMENTS 

00001 320A 0000 LLEN 132 

00002 JOIOIOIOK IC HOIIOIOROIOOIOIOI OK IOIOIOIOIOR IOIOIOI OR IOIOIGIOR BORO ICIORICHOIOIOIOR AOI OIOIOI OK HOR HORI IOI OK 
00003 * * 
00004 * NAME SORT <SORT> * 
00005 * * 
00006 FORO OICIOR OR IOIOOICIOIOIOIOIOROIIOOROIIOIOI OK IIIA UK AGO OI ICID OK AOI IOI I IOK I 4K 0K 
00007 * x 
00008 * ENTRY ‘A CNO. OF BYTES TO BE SORTED) * 
QON09 * >X. SPX CSTART ADORCX) OF DATA TO BE SORTED)« 
00010 * Y. SPY CSTART ADORCY) OF OATA TO BE SORTED)* 
00011 * RETURNS >NOTHING * 
00012 * * 
00013 ROCIO IORI ICICIOIOI IOIOIOIOIOI OI HOR IOIOIOIOOR IOI AICI OIIOR OR CICIOR AOIOIOIOR IOIIOI IO IOI AOIOK KC 
00014 * 

0001S SCNT1 EQU $04D SORTING DATA COUNTER ADOR 

00016 SCNT2 EQU $04C COMPARISON DATA COUNTER ADOR 
00017 SWORK EQU $048 WORK AREA ADOR 

00018 * 

00019 ORG $0100 

00020 : SORT EQU * ENTRY POINT 

00021 194 040 0100 LMAD SCNT1 LOAD NO OF BYTES TO BE SORTED INTO SCNT 
00022 194 04C 0102 SORT 1 LMAD SCNT2 OAD NO OF BYTES TO BE SORTED INTO SCNT? 
00023 090 0104 LAM LOAD COMPARISON OATA 

00024 OSC 0105 IY 

00025 040 0106 LBM 

00026 osc 0107 SORT2 IY LOAD SORTING DATA ADDRCY) 

00027 312 0108 BRS SORT3 

00028 180 048 0109 XMAD SWORK LOAD SORTING DATA ADDR(X> 

00029 aol 0108 XSPX 

00030 068 010C LASPX 

00031 001 0100 XSPX 

00032 281 O1NQE AT $1 INCREMENT SORTING DATA ADDRC(X? 
00033 OE8 010F LXA 

00034 180 04B 0110 XMAD SWORK 

00035 014 0112 SORT3 ALEM COMPARISON DATACA) =< SORTING DATA 7? 
00036 32F 0113 BRS SORT? BRANCH IF A =< SORTING DATA 
00037 osc 0114 Ty 

00038 180 Q6C Q115 SORTS XMAD SCNT2 DECREMENT COMPARISON DATA COUNTER 
00039 2EF 0117 AT $F TEST IF COMPARISON IS COMPLETED 
00040 180 O06C 0118 XMAD SCNT2 

00041 207 O11A BRS SORT? 

00042 003 0118 SORTS XSPXY STORE LARGEST DATA 

QNn042 OSO G11C LMAIY 

00044 oca 0110 XMB 

00045 QSc O11E ly LOAD SECOND LARGEST OATA ADORCY) 
000464 003 Ol1F XSPXY 

00047 058 0120 LASPY 

00048 008 0121 LYA 

000469 068 0122 LASPX 

00050 327 0123 BRS SORTS 

00051 281 0124 AI $1 INCREMENT ADOR(X) OF SPX 

00052 OE8 012S LXA LOAD COMPARISON DATA ADDR(X) 
000S3 001 0126 XSPX 

00054 OEe 0127 SORT6 LXA LOAD NEXT DATA ADDR CX) 

0005S 180 040 O128 XMAD SCNT1 DECREMENT SORTING DATA COUNTER 
000S6 28F 012A AT $F TEST IF ALL DATA IS SORTED 
000857 194 040 0128 LMAD SCNT1 

00058 302 0120 BRS SORT 1 

00059 010 Q12E RTN 

00060 004 012F SORT? ANEM COMPARISON DATACA) = SORTING DATA ? 
00061 33 0130 BRS SORT9 

00062 osc 0131 IY COMPARISON DATACB) =< SORTING DATA ? 
00063 OC4 0132 BLEM 

00064 335 0133 BRS SORTS 

0006S 315 0134 BRS SORT 4 

00066 ODF 0135S SORT8 DY LOAD ADORCY) OF UPPER DIGIT 
00067 080 0136 SORT9 XMA EXCHANGE DATA 

00068 osc 0137 Iv 

00069 0co 0138 XMB 

00070 315 0139 BRS SORTS 


When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 


SCNT1: Defines work area address indicating number of bytes 
to be sorted. 


SCNT2: Defines work area address indicating number of values 
to be compared. 


SWORK: Defines work area address for saving Accumulator 
contents. 
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INSTRUCTION SET 








a>b 
a<>b 
x 

myn 
Not 
LSB 
MSB 


IW * @e a 


DIRECT 
REGISTER 
I/E 

PC 

SP 

ST 

CA 


SPX 


SPY 


MR 


Symbols and Abbreviations 


Transfer from "a" to "b" 


Exchange between "a" and "b" 
ioeieat negation (NOT) 
"High" level 

"Low" level 

Least Significant Bit 

Most Significant Bit 

None Zero 
No Borrow Status is set when NZ, NB, or OVF occurs 
Overflow 

AND 

OR 

Exclusive OR 

Not Equal 

Less than or Equal 

Addressing by the instruction operand in the ROM code 
Addressing by the contents of Address Register 
Interrupt enable flag 

Program counter 

Stack pointer 

Status flag 

Carry flag 

Accumulator 

B register 

W register 

X register 

SPX register 

Y register 

SPY register 

Memory (RAM) 

Memory register 

Data I/O pin or data register 


Discrete I/O pin or discrete latch. 
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Symbolic Operands Used with Instruction Set Mnemonics 


a CH 


RAM digit selection by 2 bits 


RAM (Mr) digit and port selection 
by 4 bits 


Replacement of contents of PC 
by 4 bits 


Replacement of contents of PC 
by 6 bits 


Replacement of contents of PC 
by 8 bits 


Replacement of PC or RAM direct 
address by 10 bits 


Immediate data by 4 bits (Note) 





=p +d (14 bits) 


D: Decimal | HD: Hexadecimal B: Binary 
©.... Can be used x «ee. Cannot be used 


(Note) In case of LWI instruction, 2 bits. 
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Immediate Instruction 


WOR 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS ee ; 
Load A from Immediate 100011 is i2 iy io a ae 1/1 
Load B from Immediate 10000 0is3 i2 is to a 1/1 


Load Memory from Immediate, Increment Y | LMIIY i | T0100 1 isizinto |i-M.Y+1—¥] NZ | 1 


Register-to-Register Instruction 


orenon [onan] arora cove [cron [rs] 2B 
Load A from SPX peasex [00 01101000) srxal [i 
Load A from MR | LAMRm | 1 00111 mamamimo| MRim)~-A | 1 
Exchange MR and A | XMRAm [1 01 1 1 1 mamamimo] MAMA | [171 


RAM Address Instruction 


WOR 
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS ee 


Load ¥ from immediate | ivi i [100001benw| ——¥ | [1 
Load X from A pixa[oorrtoro00[ ax [| [i 
Decrement Y ov foorrorrtts | v-ry_ (| Nes 
Exchange Y and SPY yospy, | sat 
Exchange X and SPX,Y and SPY | XSPXY [0000000011 |x--SPXY—SPY| | 1 


aD 
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RAM Register Instruction 


WORD 
OPERATION MNEMONIC | OPERATION CODE FUNCTION = | STATUS | 
; CYCLE 
Load:A from Memory LAM(XY) |[00100100yx | MA, (SEX) | 0 [yt 
0110010000 aA | 
Load A from Memory LAMD d {9110010000 Ma 2/2 
Load B from Memory LBM(XY) [00010000y x MB, (¥-gpy) | | 1/1 
Load Memory from A LMA(XY) [00100101yx AM, (X-SEM) | | yt 
OT10010100 ae 
Load Memory from A LMAD d_ |? bs dodededadeded, do PASM 2/2 
Load Memory from A, increment Y LMAIY(X) |[000101000x |A--M.Y + 1-Yix--spPx) | NZ 1/1 
Load Memory from A, Decrement Y | LMADY(X) |001101000x [A>MY-1-Ya-sex| NB | 1/1 
Exchange Memory and A XMA(XY) |00100000yx MA, (X786%) ae V/1 
D1T1T0000000 
Exchange Memory.end A | XMAD¢ |Qatumammom| | |e? 
_Exchange Memory and B XMB(XY) (00110000yx M-B, (¥ Spy) heer 7/1 


Note) (XY) and (x) have the meaning as follows: . 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each, (example of LAM (XY) is given below.) 


MNEMONIC FUNCTION 
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Arithmetic Instruction 


WORD 
OPERATION MNEMONIC | OPERATION CODE FUNCTION | STATUS oe 
CYCLE 


Add Immediate to A Al i 101000isizirio{ AtinA OVE | 1/1 
Increment B 0001001100 NZ 1/1 


Add A to Memory AMD d | 9499901900 OvF | 2/2 
M+A+CA-A 


| M+A+CA—A 
Add A to Memory with Carry AMCD 4d | ON OO dda! OVESCA | OVF | 272 


Decrement 8 7 
Decimal Adjust for Addition DAA f0010100110{ ea 
Decimal Adjust for Subtraction DAS (0010101010; 1/41 
Rotate Right A with Carry | ROTR [|0010100000{ ~~ | 1/1 
Rotate Left A with Carry | | ROTEL =©[0010100001}  — | 1/1 
Reset Carry REC 0—-CA 1/1 
Add A to Memory AM ove | 1/1 
AMC 


Add A to Memory with Carry 


M-A-CA—A 
1 1 
Subtract A from Memory with Carry| SMC 0010011000 NB>CA 71 
] 11 M—-A-—CA-A 
Subtract A from Memory with Carry | SMCD d q. a he da ia. nA NB>CA 2/2 
OR A and B 0101000100 AUB —-A ie ae 


AND Memory with A ANM 0010011100] ANM—A NZ | 1/1 
7 OT1T001110 

AND Memory with A ANMD d | 9. ddsdedededsdrgrap| ACMA NZ | 2/2 
OR Memory with A 0000001100 AUM-A 1/1 

. 0100001 1 
OR Memory with A ORMD d | OOOO oo) AUM=A NZ | 2/72 
EOR Memory with A 0000011100 A®M—A NZ 1/1 

01000 OQ en 

EOR Memory with A EORMD d | 9.0 Sede dadadocrgo| ADM-A NZ | 2/2 
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Compare Instruction 


WORD 

OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS ek 

\ Immediate Not Equal to Memory INEM i 00001 03 i2 is jo 1/1 
Immediate Not Equal to Memory | INEMD id Ce a F ye NZ 2/2 

A Not Equal to Memory ANEM 0000000100 174 

A Not Equal to Memory ANEMD d aged eee aed a 2/2 


B Not Equal to Memory 0001000100 NZ 1/1 





Y Not Equal to immediate YNEI i 000111 isizir io 1/1 

Immediate Less or Equal to Memory | ILEM i 000011 is iz i: io | oisM | NB | V1 
: . e O QO into) eae 

Immediate Less or Equal to Memory ILEMD id | Go dedoded ae id uf | oisM | NB | 2/2 

A Less or Equal to Memory ALEM 0000010100 | AsM | NB | 1/1 


A Less or Equal to Memory ALEMD d [Qj 200 10199) Asm | NB | 272 
B Less or Equal to Memory BLEM 0011000100 |  BsM | NB 1/1 
A Less or Equal to immediate ALE! i 101011 i3i2i1 io | Asi | NB | 1/1 


RAM Bit Manipulation Instruction 


WOR 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION |STATUS ve . 
Set Memory Bit | SEMn | 00100001 Mmino| 1—Min) a 174 
Set Memory Bit | SeMD nd [FO ULOOOS Nano! 1—min) | | 272 
Reset Memory Bit 00100010nino| O—-Min) Rt 1/1 


Test Memory Bit | TMn = |00100011nnmo| {| Min) | 1/1 
@ 0001 1nin 
Test Memory Bit TMD nd | Godetrdedsdedsdrgree| | Min) | 272 


ROM Address Instruction 


WORD 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS ee 
CYCLE 

Branch on Status 1 11 bybebsbabababibo| =| tf 171 
Long Branch on Status 1 BRL ou eee a Roaranie eee eee ee 2/2 
Cong himp Unconditional wri [Stete neers] [a 
Subroutine Jump on Status 1 CAL a |01 1 1 &@5a4a3a2a1a0 be 1/2 
Long Subroutine Jump on Status 1 CALL u 949, up aaa ods fe ee 2/2 
Table Branch 001011 pspppol 1 


TBR 

Return from Subroutine RTN 0000010000 eet 1/3 
1I/E 
Return from Interrupt RTNI 0000010001 CA RESTORE ST 1/3 


Input/Output Instruction 


Set Discrete !/O Latch Direct | SEDD m | 101 14 1 O mamamimo | 1Dim) | 1/1 
Reset Discrete |/O Latch Direct | REDD m }1.0.01 1.0 mamamimo| O-Dim) | | 1/1 
Test Discrete |/O Latch Direct | TDD om {101010 mmammo} | Dim) | V1 
Load A from R-Port Register R(m)—-A ee al 1/1 
Load B from R-Port Register |} LBR om | 1.0.0 1 0 0 mamamimo| Rim)—+B ee eit V1 
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Control Instruction 


WwW 
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS pe 
CYCLE 


Op-Code Map 


0 aan eee 

oe fasta gg 
ee a ee ee ee ee ee ee, ee 

ee Me 

en ee ee CE ee 


LEM (4) ILEMD i(4) 


El ee 
CN ee el a 
a ed 
Ce 
[| XMMAD [SEM we [REM ah] TO a) fin] TEM way J RMD wal [TMD wei 
PO ee et > ae al 
Le Oe a el ae 
ch, See.” rs Cae ee. eee 
CE ee ee 
0 foward ar al YF oak 
ES ee ee et a 
| LWHi(2) i(2) 


ii 
i 


clr 
= 
! 


i(4) 
i(4) 
i(4) 
m(4) 
m(4) 
REDD m(4) 
-LAMR m(4) 


cio 
dy = 


rc 
> 
P *) 


AN 


[=| =] 0] o[ | >| | @| ~} a) @] #/ o/ 9) -[0] 
ao 
aD 





b(8) 


LMIIY i(4) 
TOD 
ALEl i(4) 
m(4) 
m(4) 


2 
= 


r~- 
Ps) 
> 


... 1-word/2-cycle ... 1-word/3-cycle ... RAM Direct Address ... 2-word/2-cycle 
Instruction C4 Instruction - Instruction Cc Instruction 
(2-word/2-cycle) 
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PREFACE 


The HMCS402C, HMCS404C, and HMCS408C are 4-bit single chip microcomputers all 
incorporating the latest CMOS high pressure resistant processes, and are 
capable of driving directly flourescent display tubes. Their performance 
characteristics have been substantially upgraded from the previous HMCS40 


series in terms of operation speed, functions and program efficiency. 


A CPU, clock oscillator, ROM, RAM, I/O timer and serial interface (SCI) are 
all outfitted on a single chip enabling the product to perform over a wide 


range from small to large scale applications. 


These Hardware Notes deal with application examples utilizing the special 
functions of the HMCS402C, HMCS404C and HMCS408C. It has been compiled to 
assist system hardware designers by providing application examples with 
circuit diagrams, timing charts and program listings. (The examples have 


been written for the HMCS404C but can be applied to the HMCS402C and HMCS408C. ) 


Application systems examples in these Notes should be tested by actual opera- 


tion before being put to practical use. 


For additional information reference: 
eSection 1, HMCS400 Series User’s Manual 
eSection 2, HMCS400 Series Software Application Notes 
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APPLICATION NOTE GUIDE 





1. Explanation of Symbols 
Symbols and abbreviations used in these Notes are as follows. 
(1) Operation 


a> b = transfer from a to b 


a‘+?b = exchange a with b 


+ = addition 

- = subtraction = logical product (AND) 
x = multiplication V = logical sum (OR) 

/ = division | @ = exclusive OR 


(2) Registers within the MCU 


A = Accumulator B = B register 
W = W register | X = X register 
SPX = SPX register SPY = SPY register 


(3) Flags within the MCU 


CA = Carry ST Status 


(4) Other Symbols 


= = equivalence symbol 

# = not equal to 
= denotes labels having consecutive addresses 
= denotes hexadecimal digits 

Ce i A comparison symbols 

MD ($***) = denotes 1 digit in RAM area as used in direct addressing 
mode ($*** specifies the address location) 

MR ($*) = denotes 1 digit in memory registers as used in memory 
register addressing mode ($* specifies the address 
number ) 

MSD = denotes the highest digit in RAM 
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2. Application Example Configuration 


This chapter explains the configuration of each system application example 


following this chapter. 


Each application example in APPLICATION NOTES is divided into 5 sections, 


as shown in figure l. 


FUNCTION 

(HARDWARE) | MICROCOMPUTER OPERATION 
PERIPHERAL DEVICES 
CIRCUIT DIAGRAM 
PIN FUNCTIONS 
HARDWARE OPERATION 


PROGRAM MODULE 
(SOFTWARE) CONFIGURATION 
. PROGRAM MODULE 
FUNCTIONS 
PROGRAM MODULE PROCESS 
FLOW (Main Program) 


3rd SECTION +) PROGRAM MODULE FUNCTION 


(PROGRAM MODULE) DESCRIPTION : ARGUMENTS 
CHANGES IN CPU 
REGISTERS AND FLAGS 
SPECIFICATIONS 
DESCRIPTION Function 
Details 
SPECIFICATIONS User Notes 
NOTES | RAM Alloca- 
tion 
FLOWCHART Sample 
| Application 
Basic 


FUNCTION 

BASIC OPERATION 

PROGRAM MODULE USING 
THIS SUBROUTINE 

FLOWCHART 


(PROGRAM LISTING) | PROGRAM MODULE LISTING 
SUBROUTINE LISTING 


5th SECTION ————>| PROGRAM eT pro PROGRAM LISTING 





Figure 1. Application Example Configuration 


4 HITACHI 


(1) lst Section (Hardware) 


Describes functions, circuit diagram, hardware operation for each 
hardware application example and making specific use of HMCS400 series 


characteristic functions. 


(2) 2nd Section (Software) 


Describes program module configuration which controls hardware 
application example explained in the lst Section. Also shows main 


program of sample application. 


(3) 3rd Section (Program Module) 


Describes program modules except main program, presented in the 2nd 
Section,.in detail. Each program module is described in the same 


formal so that users can use them independently. 


(4) 4th Section (Subroutine) 


Describes subroutine used by each program module. When uSing program 
modules explained in the 3rd Section, refer to these subroutines, if 


necessary. 


(5) Sth Section (Program Listing) 


Provides program listings for sample application explained in the 


lst section. 


A detailed explanation of all five sections follows. 
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3. lst Section (Hardware) 


3.1 Function 


Describes system specifications for the hardware used in a particular 


application. 


Example: 


14.1.1 Function 


Controls LCD module H2570 and displays "CMOS MCU HMCS400" on the 


liquid crystal display. 





3.2 Microcomputer Operation 


Describes typical functions of the microcomputer used in a particular 


application. 


Example: 


14.1.2 Microcomputer Operation 


(1) Controls HD44780 (hereafter abbreviated LCD-II) data bus through 
ports R4 and R5. 

(2) Controls LCD-II control signals (Signals RS, R/W and E) 
through port D. 

(3) To control LCD-II data bus and control signals by HMCS404C 
software, there are no restrictions in terms of Pintad: 


From HMCS404C display data is transmitted to LCD-II in the form 


of ASCII code. Liquid crystal driver HD44100 and the liquid 


crystal display are automatically controlled by LCD-II which is 
in turn controlled by the HMCS404C. 
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3.3 Peripheral Devices 


Describes typical functions of the peripheral devices used ina 


particular application. 


Example: 


14.1.3 Peripheral Devices 


(1) LCD controller driver HD44780 (LCD-II): Controls dot matrix 


LCD of LCD module H2570. 
(2) LCD driver HD44100: Drives LCD of LCD module H2570. 
(3) LCD module H2570: Provides a display of 16 characters X 1 row. 





3.4 Circuit Diagram 


Describes the circuit diagram for the hardware example. 


Note) All microcomputers described in APPLICATION NOTES use the plastic 


DIP type package. 


Example: 


14.1.4 Circuit Diagram 


Liquid Crystal Module H2570 


182076 
HD74HC14 
>o—f>o—fpo 


22pF 


Fig. 14.1. H2570 Control Circuit 
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I/O options can be selected for the HMCS400 series. 
In the circuits shown in this manual, CMOS is selected for standard output 
ports, with pull-up MOS is selected for standard input ports, with pull- 


down MOS is selected for high voltage ports. 


3.5 Pin Functions 


Describes interface between microcomputer and the external circuit using 


a table. 


Example: 


Pin Functions 


Pin functions at the connecting interface of HMCS404C and LCD-II are 
shown in Table 14.1. 


Table 14.1. Pin Functions 


Pin Name Input/ Active | Pin Name 
(HMCS404C) Output level Function | (LCD-II) 


Do Input/ Low Selects instruction register RS 
Output 


High Selects data register 


Dj | Low Data writing | R/W 


(Microcomputer + LCD-ITI) 
High Data reading 


(Microcomputer « LCD-II) 
High Enable signal 


- Data line 





"Active Level" in the table indicates the following: 
High : Logical 1 
Low : Logical O 


a :, Logical 1 or 0 
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3.6 Hardware Operation 


Describes hardware operation for controlling an external circuit using 


a timing chart. 


Example: 


14.1.6 Hardware Operation 


Control signals from both the HMCS404C and LCD-II is performed with 
the timing shown in Fig. 14.2. 


Q@) Data is written to LCTC at the falling edge of E. 


(2) Data from LCD-II can be read during period T}. 


Pin name (LCD-ITI) 


\, y/ 
DBo-DB7 Sah py 
CHMCS 4040+ LCD—1) XN 
| X 


Q) T (1 
DBo-DB7 / 
(CHMCS 404C + LCD—1) 


Fig. 14.2. HMCS404C «~* LCD-II Interface Timing Chart 
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4. 2nd Section (Software) 


4,1 Program Module Configuration 


Describes program module configuration to control the hardware applica- 
tion example. Each program module is numbered. 'No. of main program is 


O, and the other program modules are numbered from 1 to N. 


Example: 


14.2.1 Program Module Configuration 


Fig. 14.3 shows the program module configuration for performing 


display on the liquid crystal. 


LCDDSP 


| Initialize Display 
LCD-IT on LCD-II 


Fig. 14.3. Program Module Configuration 
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4.2 Program Module Functions 





Describes function of each program module using a table. "No." in the 


table matches "No." in the Program Module Configuration. 


Example: 


14.2.2 Program Module Functions 


Outline of program module functions is shown in Table 14.2. 


Table 14.2. Program Module Functions 


No. Program Module Name Label Function 


0 Main Program LCDMN Main program which conducts 
character display on H2570 


Reset LCD-II LCDRES Resets LCD-II according to instructions 
Initialize LCD-II LCDINT Initializes LCD-II display mode 


Display on LCD LCDDSP Sends ASCII code to LCD-II and 
displays on H2570 
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4.3 Program Module Process Flow (Main Program) 





Describes sample main program to execute program modules, explained in 


(1) Program Module Configuration. 


Example: 


14.2.3 Program Module Process Flow (Main Program) 


An example of conducting character display on H2570 using the module 
shown in Fig. 14.3 is shown in Fig. 14.4. Execution of the main 
program of Fig. 14.4 results in liquid crystal demonstration display 


as shown in Fig. 14.5. 


LCDMN Main Program 


LCDMN 


| somw | carne . Initialize W register 
| LCDRES | wanen- [ Cali LCDRES and resets LCD-II 
| CIENT | seer [ Call LCDINT and initializes LCD-I1 


Load leading address of the data table 
in to the accumulator and B register 


TCDMNI 
A~LSOUR 


R--HS OUR 


Transfer display data in the data table 
by the P instruction to the accumulator 


and B register 
LSQUR-*A 


a 
= 
= 
ZA 
ry 


A~tpeo} If 0, end program 


\ 


Ae-0 , 4 
LCDMN 3 


| LCDDSP i ge 


HSOUR--B 


Call LCPOSP and displays characters on 
H2570 


Increment pointer indicating display 
data in data table 


LSOQUR—A 


o 
i) 
S 
4 
z 
os 


‘ 


BALI ORIA 


Bo ASA 
eto ad | Test whether transferred data is 0 or not. 


TEND 
END 


Fig. 14.4. Example of Program Module Sample Application 





SA ee ee 
ty 


HoaMecttadt be 1 
IMPCUSH4siOu OF 
hoot ge UE eh ot 
JL. SLL LL 





Fig. 14.5. Example of Liquid Crystal Display 
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5. 3rd Section (Program Module) 


The 3rd Section consists of the parts as shown in figure 2. 


PART 1 FUNCTION 
(SPECIFICATION) ARGUMENTS 
CHANGES IN CPU REGISTERS AND FLAGS 
SPECIFICATIONS 
SPECTFICATIONS NOTES 
PART 2 ——————————- DESCRIPTION Function Details 
(DESCRIPTION) User Notes 
RAM Allocation 
Sample Application 
Basic Operation 
PART 3——————————————————-——-——— i LOWC HART 
(FLOWCHART ) 


eee 
Elowchart: 
ag 


Description: 


Function: 


Arguments: 1 digit = 4 bits Changes in CPU Specifications: 

eeeaecs at ie nea Registers and Flags: 1 word = 10 bits 
ROM (Words): 

Entry RAM (Digits): 
Stack (Digits): 
No. of cycles: 
Reentrant: 
Relocatable: 
Interrupt OK?: 


: Not Affected 
x : Undefined 
: Result 


Description: 





Specifications Notes: 





Figure 2. Program Module Section 
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5.1 Specification 


e J s . * . . - a 
The Specification Part is shown in figure 3. ({| __ !: blocked off area 
in figure 3). This part explains function, arguments, changes in CPU 
registers and flags, specifications and specifications notes. Each 


numbered item in the figure is described below. 






Program Module Name: 
(1) 





Function: 


(4) 





Specifications: 


Changes in CPU 
Registers and Flags: 


Arguments: 1 digit = 4 bits 
(5) St | 
orage No. of 


. aos he 1 = j 
Contents Location Digits word = 10 bits 


ROM (Words): 
Entry RAM (Digits): 
Stack (Digits): 
No. of cycles: 
Reentrant: 


Relocatable: 


Interrupt OK?: 


@ : Not Affected 
x ; Undefined 
{ : Result 


— om ome ee eee eee eee eee ee eee eee ee eee oe 





SS Se ae ——_— «= == 


Description: 





Specifications Notes: 


Figure 3. Specification Part 
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(1) PROGRAM MODULE NAME: Indicates the name of the module. 


Example: 


Program Module Name: 


Display on LCD 





(2) MCU: Indicates the names of microcomputers for which this module 


can be applied. 


MCU: HMCS402C/ 


HMCS404C/HMCS408C 





(3) LABEL: Indicates the name identifying program entry point. When 
using the program without modification, use this label to call 


the program. 


Example: 


Label: LCDDSP 





(4) FUNCTION: Describes program function. 


Example: 


Function: Writes ASCII code in DDRAM of LCD-II and displays graphically on 
liquid crystal. 
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(5) ARGUMENTS: Describes entry arguments which must be initialized 


before program execution, and return arguments after execution. 


(a) Contents: Describes arguments' contents, e.g., constant, 


starting address, string length. 


(b) Storage Location: Indicates registers and RAMs in which 


arguments must be. stored. RAM locations 


are denoted by "(RAM)". 


Note: Absolute storage locations in RAM address space are 
designated by MD ($wWxXy, $WXY) using W, X and Y addresses. 
For example, MD ($033, $032) refers to the marked area 


in the memory array shown below. 


Ww xX Y Ww xX Y 


CibIE], LIGIZI 





Y Address 


W, X, Y correspond to registers. 


W, X, Y which are used to store memory addresses. 
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(c) No. of Digits: Indicates arguments' digit length. 


Example: 


Arguments: 


1 digit = 4 bits 


Contents Storage No. of 
Loca- Digits 
tion 


Entry Display Upper B 
data 
(ASCII Lower A 
code) 





(6) CHANGES IN CPU REGISTERS AND FLAGS: Describes changes in CPU 
registers after execution of a program module as well as flag 


changes in CA and ST. 


Symbols and abbreviations used here are as follows: 


(a) CPU registers 


Accumulator B: B register 


W register 


X: X register Y Y register 

SPX: SPX register SPY: SPY register 
(b) Flags 

CA: Carry ST: Status 


(c) Status of CPU registers and flags after execution of the 


program module: 


Not Affected: Previous contents are retained after executing 





the program module. 
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Undefined: Previous contents are destroyed after executing 


the program module. 
Result: A result is stored after executing the program module. 
Example: 


Note: In the example shown, the contents of the 
Changes in CPU ~ 


Accumulator, B register and Y register are 


Registers and Flags: 


destroyed upon executing the program 
module. Thus, whenever necessary, 
registers which will be destroyed should 


be saved before executing a program. 


Not Affected 
Undefined 
Result 





(7) SPECIFICATIONS: Describes program operation specifications. 


(a) ROM (Words): Indicates amount of ROM used by the program. 


1 word consists of 10 bits. 


(b) RAM (Digits): Indicates amount of RAM used by the program. 
1 digit consists of 4 bits. 
(This value does not include memory needed 


for the stack.) 
(c) Stack (Digits): Indicates amount of RAM used by the stack in 


the program. This memory must be reserved 


when the program is executed. 
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(da) 


(e) 


(£) 


(g) 


No. of cycles: 


Reentrant: 


Relocatable: 


Interrupt OK?: 


Example: 





Indicates the maximum number of machine cycles. 
Calculate the execution time required for 


program execution as follows: 


Execution time (sec) = Number of cycles * 
cycle time 
Cycle time (sec) = 8/External oscillator 


frequency (Hz) 


Note: BRS instruction is regarded as 1 cycle. 


Indicates whether a program has a structure 
which can be called from two or more routines 


at the same time. 


Indicates whether a program can be located in 


any memory Space. 


Indicates whether MCU can continue a program 
normally after serving an interrupt routine. 
If cannot ("No"), inhibit interrupt before 


the program is called. 


Specifications: 


l word = 10 bits 
ROM (Words) : 
RAM (Digits): 
Stack (Digits): 
No. of cycles: 
Reentrant: 
Relocatable: 


Interrupt OK?: 
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(8) SPECIFICATIONS NOTES: Explanatory notes for items listed in (7) 
SPECIFICATIONS. 


Example: 


Specifications Notes: 





5.2 Description 





—-—— oy 


The Description Part is shown in figure 4. OF reed ee blocked off area in 


figure 4). This part explains function details, user notes, RAM alloca- 
tion, sample application and basic operation. Each numbered item in the 


figure is described below. 


P [an 


eee 
Eunction; 


Description: 


Arguments: l digit = 4 bits Changes in CPU Specifications: 
SEDERIS:.. NPs OF Registers and Flags: 1 word = 10 bits 
Contents Location Digits 
ROM (Words): 
Entry RAM (Digits): 
Stack (Digits): 
No. of cycles: 
Reentrant: 2. User Notes +—(b) 
Relocatable: 


Interrupt OK?: 


; Allocation —j——— 
@ : Not Affected 3+ RAM (c) 


x 3; Undefined 
ft : Result 


4. Sample Application <«(d) 
Description: 


1. Function Detail S ~qqgpenmen (a) 


5S. Basic Operation <«—(e) 
Specifications Notes: 


tla onl aedininelintadiiettandinieataienantnaen | 


L 





Figure 4. Description Part 
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(1) PROGRAM MODULE NAME 
(2) MCU Same as "5.1 Specification" 
(3) LABEL 


(4) DESCRIPTION: Describes function details, user notes, RAM alloca- 
tion, sample application and basic operation of the 


program module. 


(a) Function Details: Describes detailed functions of the program 


module referring to the execution example. 


Example: 


Description: 


l. Function Details 


. B A 
Q) Ent 7 [+ ] [= | 
(1) Argument details aes B 


ar 
GOMENYS: | necrT code 
A: Stores the lower 4 bits of the (‘'c' $43) 
ASCII code of the graphic display. Liquid crystal 


: R lt 
: Stores the upper 4 bits of the @ aaa ee HTT TTT] te 
ASCII code 


of the graphic display. 


Fig. 14.7. Example of LCDDSP 
Execution 





(bo) User Notes: Describes notes and limitations when executing 


the program module. 


*Be sure to read these items when uSing program 


modules without modification. 


Example: 


User Notes 


(1) Resets LCD-II. 
(2) Initializes LCD-II display mode. 


(3) Stores entry arguments. 
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(c) RAM Allocation: Describes labels and contents of RAM used in 


program module. 


Example: 


3. RAM Allocation 


RAM is not used by program module LCDDSP. 





(d) Sample Application: Shows a sample application for actual 


execution of the program. 


Note: Initializing stack pointer is not shown in this part. 


Example: 


4. Sample Application 


CALL LCDRES Execute LCDRES and reset LCD-II 


CALL LCDINT Execute LCDINT and initialize LCD-II 
display mode 





(e) Basic Operation: Explains how a program module is executed. 


Example: 


5. Basic Operation 


(1) Checks LCD-II busy flag. 


(2) Controls signals RS, R/W and E by software through port D and outputs 
display data. 
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5.3 Flowchart 


The Flowchart Part is shown in figure 5. This part gives the program 


module flowchart. 


Example: 


Program Module Name: MCU: HMCS402C/ | Label: LCDDSP 
Display on LCD HMCS404C/HMCS408C 


Flowchart: 


LCEDDS P 


LCDDSP 


Save display data due to use of Accumulator 


A in subroutine LCDBSY 


L Execute LCDBSY and check busy flag 


Restore display data 


c write display data, set RS signal high 


L Set R/W signal low 


| Set E signal low 


| st E signal high 
Output display data to LCD-II 


Set E signal low 





Figure 5. Flowchart Part 
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6. 4th Section (Subroutine) 


The Subroutine Section is shown in figure 6. Each numbered item is. 


described as follows. 


(1) (2) (3) 


Subroutine Name: : Label: 











(5) 


Basic Operation: 





Figure 6. Subroutine Section 
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(1) SUBROUTINE NAME: 


Example: 


Subroutine Name: Busy Check 





(2) MCU: Indicates microcomputer or microprocessor applicable to the 


subroutine. 


Example: 


MCU: HMCS402C/ 


HMCS404C/HMCS408C 





(3) LABEL: Indicates the name identifying subroutine entry point. 
When using the subroutine without modification, use this label 


to call the subroutine. 


Example: 


Label: LCDBSY 


(4) FUNCTION: Describes subroutine function. 


Example: 


Function: Checks if LCD-II is busy and waits for ready state. 
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(5) BASIC OPERATION: Explains how a subroutine is executed. 


Example: 


Basic Operation: (1) Since, while LCD-II is in operation, it will not allow 
access from microcomputers, checks must be made on the 


LCD-II busy flag. 


(2) Control of signals RS, R/W and E through port D is 
performed by software together with busy flag check. 





(6) PROGRAM MODULE USING THIS SUBROUTINE: Lists program modules using 


the subroutine. 


Example: 


Program Module Using This Subroutine: LCDDSP, LCDINT, LCDRES 
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(7) FLOWCHART: Gives subroutine flowchart. 


Example: 


Flowchart: 


LCDBSY 
LCDBSY 


| set RS signal low 


Set R/W signal at high to enable reading 
of busy flag 


Set E signal Low. 


$F-R5 Initialize port R5 to entry port 


| set E signal high 


Rotate R5 
1 bit left 
Read busy flag and test busy flag when 


set at highest bit 


Set signal low 


[test if busy flag check complete 
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7. Sth Section (Program Listing) 


The Program Listing Section explains RAM allocation and CPU register alloca- 


tion, and gives program module and subroutine listings. 


(1) RAM Allocation: RAM used in program modules or subroutines is 


allocated as shown below. 


Example: 
00003 * 
00004 4OKHIOK RAM ALLOCATION YOO OOK IO IOIOR OKO IOI IO IOI OK OK IK KOK DK KOK 2K 2K 3404 
0000S * 
00006 . LSOUR EQU $020 WORK AREA FOR ACCA 
00007 HSOUR EQU $021 WORK AREA FOR B REGISTER 


(a) The title "RAM ALLOCATION" is followed by the actual RAM 


allocation used. 


(b) RAM label. 


(2) Vector Address: Describes vector address allocation. 


Example: 

- 00008 OOOO OOOO OIC IIR IORI OOO OOOO IOI KOK OK IOI OI OK IKK KOK 
00009 * * 
00010 * VECTOR ADDRESSES * 
00011 * . * 
00012 FQOOOIOOOIOOOIOOICIOR IGOR OIC OOO IOI OO OOOO OOOO IORI IOI KKK KOK IK 
00013 * 

00014 ORG $0000 

00015 * 

00016 150 040 0000 JMPL LCDMN RESET 
00017 150 040 0002 JMPL LCOMN INTO 
00018 150 040 0004 JMPL LCOMN INT1 
00019 1S0 040 0006 JMPL LCOMN TIMER A 
00020 1S0 040 0008 JMPL LCDOMN TIMER B 
00021 * 

00022 ORG $000C 

00023 * 

00024 1SO 040 OO0C JMPL LCOMN SERIAL 


(a) The title is always "VECTOR ADDRESSES". 


(b) Indicates the end of a program. 


This can be moved, if necessary. 
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(3) Main Program: Gives main program listing of a sample application. 


Example: 
00025 JOOIOROIOIOIOR OOIOIOIOIOIOR OR OIOIOROIOR IOI OIOIOIOOROR OI OIOIOIOI HORROR IOI HOR OIOFOR ORO OIOROR HOR ORK MOROHOROHOHOCK IC 21 
00026 * * 
00027 * MAIN PROGRAM : LCOMN * 
00028 * : * 
00029 JOO IOROIOIOROIOIOROIOIOIOIOIOIOR IOIOIOIOIOIOROI IOOIOIOIOR IOI OR IOROIOIOK HOR IO IOROR IOIOROROHOR ROK HOROK OK HOICOK 
00030 * 
00031 ORG $0040 
00032 * 
00033 OFO 0040 LCOMN LWI $0 INITIALIZE W REGISTER 
00034 160 064 0041 CALL LCORES RESET LCO-II 
00035 160 O7E 0043 CALL LCDINT INITIALIZE LCO-II 
00036 230 004S LAI $0 LOAD DATA TABLE STARTING ADDR INTO ACCA 
00037 200 0046 LBI $0 LOAD DATA TABLE STARTING ADDR INTO B REG 
00038 194 020 0047 LCDMN1 LMAD LSOQUR ACCA ---> LSOUR 
00039 048 0049 LAB 
00040 194 021 O04A LMAD HSOUR B REGISTER ---> HSOUR 
00041 190 020 O04C LAMD LSOUR LSOQUR ---> ACCA 
00042 182 OOGE P $2 MOVE DISPLAY TO ACCA & B REGISTER 
00043 008 O04F LYA 
00044 280 0050 ALEI $0 TEST IF ACCA=0 
00045 048 0051 LAB 
00046 354 00S2 BR LCOMN2 IF 0. BRANCH TO LCDOMN2 
00047 356 00S3 BR LCOMN3 IF NOT QO. BRANCH TO LCOMN3 
00048 280 0054 LCOMN2 ALEI $0 TEST IF B REGISTER=0 
00049 363 o0ss BR PEND IF 0. BRANCH TO PEND 
000S0 OAF 0056 LCDOMNS3 LAY 
000S1 160 090 0057 CALL LCDOSP DISPLAY FIGURE ON LCO-II 
000S2 190 021 0059 LAMD HSOUR . HSOUR ---> 8 REGISTER 
000S3 0Cc8 0058 LBA 
00054 190 020 OOSC LAMD LSOUR LSOUR ---> ACCA 
000SS 281 OOSE Al $1 ACCA + $1 ---> ACCA 
00056 361 OOSF BR LCOMNS BRANCH IF ACCA =$F 
00087 347 0060 BR LCDMN1 
000S8 04C 0061 LCDMN4 IB INCREMENT B REGISTER 
00059 347 0062 BR LCOMN1 — LOOP UNTIL 8B REGISTER = $F 

(a) The title is always "MAIN PROGRAM". Label after color shows 

entry point label. 
(b) Entry point label. 
(4) Program Module: Gives program module listing of a sample application. 

Example: 
00060 363 0063 PEND BR PEND 
00061 OIOIOROIOIOK OIC OR IOOOIOOICIOR IO IOIOR OIC IOI IK IOR OI IO OK IOI IOI IO IOI OIOI I FOR KOK K IK 
00062 * * 
00063 x NAME : LCDRES CRESET LCO-II) * 
00064 * *« 
00065 RO OIC IO IORIOOIOICIOIOIOIIOR IOI OO I IORIOCIOIOK IO IO IO IOI OK IO HOR ICIOK OK IHOKICHOK IK 
00066 * 7 
00067 * ENTRY : NOTHING * 
00068 * RETURNS : NOTHING * 
00069 * - 
00070 OOOO CORIO IOIOR IOIOIOIOIIOR IORI IOIGIOR IOI IORIOO III QIOOK OIG IOK NOOK II KOK HOOK ICOK KOK 
00071 202 0064 LCORES LBI $2 INITIALIZE LOOP COUNTER 
00072 239 0065 LCORS1 LAI $9 EXECUTE 1SMS SOFTWARE TIMER 
00073 21F 0066 LCDRS2 LY $F 
00074 002 0067 LCDRS3 XSPY 
0007S 21F 0068 LYI $F 
00076 000 0069 LCDRS4 NOP 


(a) Program module title is always followed by the entry point label 


in parenthesis and description of entry and return arguments. 





(b) Entry point label. 
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00145 
00146 
00147 
00148 
00149 
00150 
00151 
00152 
00153 
00154 
0015S 
00156 
00157 
00158 


00189 
00160 
00161 
00162 
00163 
00164 
00165 
00166 
00167 
00168 
00169 
00170 
00171 
00172 
00173 
00174 
00175 
00176 
00177 
00178 
00179 
00180 
00181 
00182 
00183 
00184 
0018S 
00186 
00187 
00188 
00189 
00190 
00191 
00192 
00193 
00194 
00195 
00196 
00197 
00198 


(5) 


010 


260 
2E1 
262 
23F 
205 
2E2 
25S 
OAl 


(6) 


O6F 


262 
3A0 
010 


10C 
118 
191 
107 
101 
108 


143 
14D 
14F 
183 
120 
140 
143 
iss 
120 
148 
140 
143 
153 
134 
130 
130 
100 


Subroutine: 


Example: 


009C 


0090 
OO9E 
OO9F 
OOA0 
O0A1 
O0A2 
00A3 
OOA4 


* 
* 
* 


LCOBSY 


LCOBY1 


Gives subroutine listing. 


RTN : 
JIOIOROROIOIOIO OI IO IOIOR OOOO OIOIOR IOIICIOROIOIOR OR OOO OOOO RIOR IOI IO IOI IOK OI OK IOIOIOHOI IK 2 OKO K 
. * 
NAME : LCDBSY (CHECK BUSY FLAG) x 
é * 
OOIOROROIIOIOIOIOIOK ROR IOI IOI III IOROIOIOR I IOIOIOI ROK OIOHOICIC KC ICC 2K CC IC C286 2 ICI DIK CIC ICICI ICICI IC 
REDD $0 RS=0 
SEDD $1 R/W=1 
REDD $2 E=0 
LAI $F SELECT R PORT AS INPUT 
LRA $5 
SEDD $2 E=1 
LAR $5 READ BUSY FLAG 
ROTL 


(a) Subroutine title is followed by the entry point label in 


parenthesis. 
(ob) Entry point label. 


Data Table: Describes data table 


modules and subroutines. 


Example: 


OOAS 
OOA6 
O0A? 
O0OA8 


0100 
0101 
0102 
0103 
0104 
0105 


0200 
0201 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
020A 
0208 
020C 
0200 
O020E 
O020F 


0210 


TC 
REDD 
BR 
RTN 


$2 


LCDBY1 


used in the main program, program 


TEST CARRY 
E=0 
LOOP UNTIL BUSY FLAG=0 


DH COI HC CR DIC IC OC ICC CIC RC HCIC DIC DIC NC DIC IC DC DIC DIC DIC SIC ORC IC CC OIC DIC 29K DIC IC DIK 2K IC 2G 2IC DIK DC OC NC DIC DIK DIC OIC DIK 2G DIC IC DIK IK IK 2G REC OIC CDEC 2K 2K 2K 


* 
»« 
* 


DATA TABLE 


*K 
* 
* 


SROOIOIOOIOROIOIOR IOIOIOIOIOIOR ORO OIOICIOI IOI IOI IOI IOIOIOK IOIOIOIOIOIOK NORIO IO OIOIOIOR IOIOK FOR HOOK OK 40K 10K 


«K 


*« 

$00 
$01 
$02 
$03 
$04 
$05 


$00 
$01 
$02 
$03 
$04 
$05 
$06 
$07 
$08 
$09 
$0A 
$08 
$OCc 
$00 
$OE 
SOF 
$10 


ORG 


$0100 


$10C 
$118 
$191 
$107 
$101 
$108 


$0200 
$143 


$140 
$14F 


. $153 


$120 
$14D 
$143 
$155 
$120 
$148 
$140 
$143 
$153 
$134 
$130 
$130 
$100 


(a) The title is always "DATA TABLE". 


(bo) Data table label. 
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Program Module Execution 


The programs in APPLICATION NOTE have been written considering efficiency 
and portability. The following shows how to execute these programs and 


how to modify them according to user requirements. 


The procedure for calling programs in APPLICATION NOTE from user programs 
is shown in figure 7. All programs in APPLICATION NOTE are written as 
subroutines and should be called as shown. An example of a user program in 
which a program in APPLICATION NOTE is called as a subgoutane is shown in 


figure 8. 


USER PROGRAM 


Initialize 
before 
execution 


(2) Save necessary 
registers 


Program Module 


(3) sacencaaaied L2HDST 
arguments 


JSR L2HDST 
Call 
D D 
(4) subroutine eptay 2ot 


Process 
results 


(5) 


Restore 
necessary 
registers 





Figure 7. Procedure for Calling Program Module in 
APPLICATION NOTE 
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Program 
; 


| 
LDAA #S00 
STAA P1DTR 
STAA P3DTR 
LDAA #SO1 
STAA P3DDR 
JSR L2HINT 


Initializes before executing program module 


LDAA #SOF 
STAA DOTSET 
LDAA #S$08 
STAA DTX 
LDAA #$02 
STAA DTY 


| JSR L2HDST | Calls program module 


Holds entry arguments 





Figure 8. Example of How to Execute a Program Module 
Explanation of figure 7. 


(1) Initialize 
Examples of items requiring initialization are input/output ports, 


control registers and counters used by the program module. Refer to 


Program Module Sample Application for data details. 


(2) Save registers 


The program modules use CPU registers for arithmetic operations 
destroying the original contents. Thus register contents should be 
saved if needed. Refer to the "CHANGES OF CPU REGISTERS AND FLAGS" 
column in "SPECIFICATIONS" (Part 1 in the 3rd SECTION-PROGRAM. MODULE 


DESCRIPTION) for register status after a program module is executed. 


(3) Hold entry arguments 





Holds entry arguments in CPU registers or memory before calling a 
program module in the user program. Refer to "ARGUMENTS" in 


SPECIFICATIONS (Format 1 in 3RD SECTION - Program Module) for details. 


(4) Call subroutine 


Program module is called. 
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(5) Process result 


After a program module is executed, the results returned in the return 
arguments must be processed as required. Refer to "ARGUMENTS" in 


SPECIFICATIONS (Format 1 in 3RD SECTION - Program Module) for details. 


(6) Restore necessary registers 


Registers saved in (2) should be restored here. Note that when a 
program module is used as a subroutine, the stack area shown in 
SPECIFICATIONS (Format 1 in 3RD SECTION - Program Module) is necessary 
in addition to the stack area required by the subroutine calls in the 
user program. When any Subroutine is called, this stack area must be 


reserved. 
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SYSTEM APPLICATION EXAMPLES 
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SECTION 1. ZERO CROSS 


1.1 HARDWARE DESCRIPTION 


Function 


Measures the input AC power frequency (50 Hz, 60 Hz) by transforming 
the single phase 100 VAC wave configuration into a pulse wave con- 


figuration having the same frequency. 


Microcomputer Operation 


Tests input at port D3 from the pulse conversion circuit and turns on 
LED corresponding to 50 Hz or 60 Hz using ports Do and Dj; this 


measurement is performed only once after system reset. 


Peripheral Devices 


Circuit Diagram 


MCU 
HMCS404C 

i) 
HMCS408C 


1S2076 
HD74HC14 
> ° te >o 


tie . sai Fohal 3202 


4MHz Co) MQ :. 


HD7405 AA 3202 





Fig. 1.1. Measurement of AC Frequency 


HITACHI 
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1.1.5 Pin Functions 


Pin function for connecting interface of HMCS404C and pulse conver- 


sion circuit are shown in Table 1.1. 


Table 1.1. Pin Function 


Pin Name Input/ Active Level 
(HMCS404C) Output (High or Low) Function 


D3 Input Low AC Pulse 
Signal Input 

Do Output High Measurement Result 
(60 Hz) Output 

D1 Output High Measurement Result 


(50 Hz) Output 


Program 
Label 


PORTD3 





1.1.6 Hardware Operation 


AC Power 
(100Vrms) 


Pulse 
Conversion 
Circuit 
Output 





Fig. 1.2. Timing Chart for AC and Pulse Conversion Circuit Output 
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-2 SOFTWARE DESCRIPTION 


1.2.1 Program Module Configuration 


Fig. 1.3 shows the program modules for measuring AC frequency. 


Main 
Program 


Measure 
Power 
Frequency 





Fig. 1.3. Program Module Configuration 


1.2.2 Program Module Functions 


Program module functions are summarized in Table 1.2. 


Table 1.2. Program Module Functions 


No. Program Module Name Label Function 





6) Main Program FROMN Main program which measures AC 
power frequency and turns on LED 
corresponding to the above 


frequency 
1 Measure Power FROCNT Measures AC power frequency and 
Frequency stores the 50 Hz, 60 Hz frequency 


results into RAM 





HITACHI 39 











~e 


1.2.3 Program Module Process Flow (Main Program) 


Fig. 1.4 shows an example of measuring AC power frequency by using the 


modules shown in Fig. 1.3. 


Main Program 


Initialize W register 


Execute FROCNT and store the measurement 
results of AC power frequency in FREQ (RAM) 


Turn on LED corresponding to 50 Hz, 60 Hz 
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Fig. 1.4. Program Module Application Example 


1.3 Program Module Description 


Program Module Name: 


Measure Power Frequency 





Function: 


MCU: HMCS402C/ 


HMCS404C/HMCS408C 


Label: 
FRQCNT 


Tests whether pulse frequency as inputted from port D3 is 


50 Hz or 60 Hz. 


Arguments: 
——— 1 digit = 4 bits 
Storage No. of 


Contents Location Digits 


Entry — 


Frequency 
measurement 
res 


FREQ 


Description: 
1. Function Details 
(1) Argument details 


FREQ (RAM) : 


measurement. 


Table 1.3 shows flag 


functions. 


Specifications Notes: 


Changes in CPU 


Registers and Flags: 


Not Affected 
Undefined 
Result 


Contain flag indicating 
result of frequency 


Q) Return 
argument 


Fig. 1.5. 


Specifications: 

| 1 word = 10 bits 
ROM (Words): 32 

RAM (Digits): 2 
Stack (Digits): 0 
No. of cycles: 4640 
Reentrant: No 


Relocatable: No 


Interrupt OK?: No 


@ Input | | | 


b3 FREQ bO 


Example of FROCNT Execution 


| FREQCRAND 
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Program Module Name: MCU: . HMCS402C/ 


HMCS404C/HMCS408C 





Measure Power Frequency 


Description: 


Table 1.3. Flag Functions 


Label RAM $021 Function 
FREQ 0 Indicates that frequency is 60 Hz 
1 Indicates that frequency is 50 Hz 


(2) Fig. 1.5 shows an example of program module FRQCNT execution. If power 
supply of 50 Hz is measured as shown in part Q) of Fig. 1.5, result is 
contained in FREQ(RAM) as shown in part @) of Fig. 1.5. 

(3) Program module FROCNT calls subroutines shown in Table 1.4. 


Table 1.4. Subroutines Called in FROQCNT 


Subroutine Name Label Function 





Delay 9.2 ms DLY920 Executes 9.2 ms software timer 





2. Users Notes 


Due to frequency being measured by software timer, uses oscillator 
frequency of 4 MHz. 


3. RAM Allocation 





Fig. 1.6. RAM Allocation 


Label RAM | Description 


| b3 bO 
FREQ == Stores the results of frequency measurement 


MD ($021) 
SBFREQ the Stores first measurement results 


MD ($022) 


\’ 
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MCU: HMCS402C/ 
HMCS404C/HMCS408C 


Program Module Name: 


Label: 






Measure Power Frequency FROCNT 





Description: 


4. Sample Application 


| CALL FRECNT | soc eeees Call subroutine FRECNT 


LAMD FREQ 
myn .o.§§ WwW cdwaeeds Turn on LED corresponding to FREQ (RAM) 
measurement results 


SED 


5. Basic Operation 


50Hz 


60 Hz 


| 9.2 ms software timer 


@ ® 


Fig. 1.7. Frequency Measurement Outline 


(1) Using port D3, the falling edge of the pulse is tested (Fig. ape eee CO Ee 


(2) After testing the falling edge of the pulse, calls subroutine DLY920 
for executing 9.2 ms software timer. 


(3) After executing software timer, tests condition of port D3. 





(4) Stores 1 in FREQ(RAM) when condition of port D3 (Fig. 1.7. © ) is low. 


(5) Nothing is to be stored in FREQ(RAM) when condition of port D3 
(Fig. 1.7.@)) is high. 


(6) Performs tests (1) through (5) twice, and when results agree, the 
frequency measurement is completed. 


HITACHI 43 





Program Module Name: MCU: HMCS402C/ Label: 
HMCS404C/HMCS408C ] FROCNT 





Measure Power Frequency 


Flowchart: 


Clear SBFREQ(RAM) as frequency result 


FRG ~ 
| sity f----[ Load $1 in Y register for use as a counter 


comparisons 


(4) FRQCT1 
Yesc pa ecw Save Y register before use by subroutine 
DLY920 


O4F REO  [eaSoe= Clear FREQ(RAM) as frequency result 
comparisons 


Conduct loops until port D3 is low 


Execute 9.2 ms software timer 


Restore the counter 


Decrement the counter 


D3; = 1 
ee eee Store 1 in FREQ(RAM) when condition of port D3 
=, is low 
Loree 
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Program Module Name: 


MCU: HMCS402C/ Label: 
Measure Power Frequency 


HMCS404C/HMCS408C FROCNT 





Flowchart: 


If YAF, execute 2nd measurement. 


©) 


—_——— If Y=F, compare measurement results of 
the lst and 2nd times 






r< 
ry 


eal 2nd measurement results into the 


FREQ~A 
accumulator 
SBFR , 
A a Compare results of lst and 2nd measurements. 
() SBFREQA _._.___| If measurement results are equal, measure- 
ment is completed 
If not equal, start measurement again from 


SBFREQ the beginning 










FRQCT5 


FREQ->A 





A~SBFREQ 


____| Store results of lst measurement into 
SBFREQ (RAM) 
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1.4 Subroutine Description 


Subroutine Name: — | MCU: HMCS402C/ Label: 


Delay 9.2 ms HMCS404C/HMCS408C DLY920 


Function: 


9.2 ms software timer. 


Basic Operation: 


Executes after falling edge of port D3 Signal after which status of 
port D3 is tested. 


Flowchart: -FROCNT 


DLY920 


DLY} 


Execute 9.2 ms software timer 





46 HITACHI 


1.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 LLEN 132 

00002 TTEE ZERO CROSS 

00003 

00004 OKO OK RAM ALLOCATION OOO OK OOO IOK IO OOOOIOOIOIOICI OOK IOI OK IOI OOO I KOK 
0000S 

00006 FREQ EQU $020 FREQUENCY RESULT 

00007 SBFREQ EQU $021 SUB FREQUENCY RESULT 

00008 * 

00009 HOIHOK SYMBOL DEFINITIONS ROR OOIOOOIOOOOIOICIOR OK OK IOIIOK IO IO IOI OK 11 OOK 10K 
00010 XK 

00011 PORTDS EQU $3 INPUT POWER PULSE SIGNAL 

00012 OOOO IOI OOO OGIO OO I IOOIOOIOR I OIOK OR TOR IOI IOI OIOIOIOK OK KKK OHOK OK OK KOK 
00013 * * 
00014 * VECTOR ADDRESSES * 
00015 * : 
00016 BOR OI OOIOIOIOIOOIOIOR I OOOIOCIOOIOR OR OR OR IOI OR ORK OIC OOK IOI OO IC AOR IOK IOI OOOH OK IK 
00017 XK 

00018 ORG $0000 

00019 > 

00020 1S0 010 0000 JMPL FROMN RESET 

00021 150 010 0002 JMPL FROMN INTO 

00022 1S0 010 0004 JMPL FROMN INT1 

00023 150 010 0006 JMPL FROQMN TIMER-A 

00024 150 010 0008 JMPL FRQMN TIMER-B 

00025 ORG $O000C 

00026 1S0 010 OO00C JMPL FROMN SERIAL 

00027 OOO OR IORI IO OOK IOK IOOOROOK TOOK ORI OOO IOI OI OI IOI OK IO IKK 2K KHOI KOK 
00028 * * 
00029 * MAIN PROGRAM : FROQMN * 
00030 * . * 
00031 OOOO OOOO OOO OOO OIOK OIC KICK OOOO OOK OOK IOI OK OK IOKOIIOK KOK 2K 21 0K 
00032 * 

00033 ORG $0010 

00034 * 

00035 OFO 0010 FROMN LWI $0 INITIALIZE W REGISTER 

000364 160 018 0011 CALL FROCNT MEASURE POWER FREQUENCY 

00037 270 0013 LAMR $0 LOAD FREQUENCY RESULT INTO ACCUMULATOR 
00038 008 0014 LYA LOAD ACCUMULATOR INTO Y REGISTER 
00039 064 0015 RED TURN ON LED 

00040 150 016 0016 PEND JMPL PEND END OF PROGRAM 

00041 FOO OO OK OIOIOCIORIOIOOOIOIOK IO OK IORIOOOOR OOK OO II IOOOIOI OI OIOIOK IOIOK KOK I IO HOK ° 
00042 * * 
00043 * NAME : FROCNT (MEASURE POWER FREQUENCY) * 
00044 2 * 
000465 FOIOIOIOR ICICI ICICI OOK ICO OOOO OK OOK HOR IO IOI OI KOK OK IORI OIOK OK KOK HOOK 
00046 * * 
00047 * ENTRY : NOTHING * 
00048 * RETURNS : FREQ (SOHZ=1,.60H2Z=0) * 
00049 X* Xk 
00050 FOO OK OR OOK ICI IOI IOKIOK OK OIC IOI OIOK IOI IOI OK IOI I KOK KKK IK KOKOK 
00051 211 0018 FROCNT LYI ve INITIALIZE COUNTER 

00052 1AQ0 021 0019 LMID 0. SBFREG CLEAR SUBFREQUENCY RESULT 

000S3 002 0018 FROCT1 XSPY 

00054 1A0 020 Q01C LMID O.FREQ CLEAR FREQUENCY RESULT 

000S5 2A3 OO1E FROCT2 TOO PORTD3 LOOP UNTIL PORT D3 IS HIGH 

00056 321 OO1F BR FROCT3 

00057 SIE 0020 BR FROCT2 
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00058 
00089 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
0008S 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 


2A3 
S21 


160. 


2A3 
S27 
1Al 
002 
ODF 
SoZ 
190 
104 
318 
010 
190 
194 
150 


237 
208 
210 
OSC 
000 
000 
338 
000 
000 
000 
000 
04C 
33A 
000 
000 
28F 
339 
010 


038 


020 


020 
021 


020 
021 
018 
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0021 
0022 
0023 
0025 
0026 
0027 
0029 
002A 
00268 
002C 
O02E 
0030 


0031 


0032 
0034 
0036 


0038 
0039 
003A 
0038 
003C 
0030 
OO3E 
OO3F 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 


0048 


0049 


FROCT3 


FROCT4 


FROCTS 


TOD 
BR 
CALL 
TOD 
BR 
LMID 
XSPY 
DY 
BR 
LAMD 
ANEMD 
BR 
RTN 
LAMD 
LMAD 
JMPL 


PORTD3 
FROCT3 
DLY920 
PORTD3 
FROCT4 
1,FREG 


FROCTS 
FREQ 

SBFREG 
FROCNT 


FREQ 
SBFREQ 
FROCT1 


LOOP UNTIL. (PORT G2 Le LOW 


TEST PORT D2 
SET SOH2 FLAG 

DECREMENT 

COMRARE FREQ WITH SBFREO 

IF NOT EQUAL. BRANCH TO FROCNT 
STORE FREQ IN SBFRO 


OOOO OOK OR IOIOKQICIOR OOOO OOO IOIOR KOKO OO OK OK OK KOKO OI OK KK IOI I KOK KIO CHOI OK IOIOK IK OK 


* 
* 
* 


NAME 


> DLY920 (DELAY 9.2MSEC) 


>K 
*K 
* 


FOOROOIOIOIOIOK OOK OOK OIOIOIOIOR IOI OR IOROIOI OOK IO ROK IOI KOK IOI OK HOR HOR KOFI HOR HOR OIOK KK OK OK 


DLY920 
OLY1 
DLY2 
OLY3 


LAI 
LBI 
EY. 
ET 
NOP 
NOP 
BR 
NOP 
NOP 
NOP 
NOP 
I6 
BR 
NOP 
NOP 
AI 
BR 
RTN 


END 


” 
8 
0 


DLY3 


OLYZ 


LS 
DLY1 


EXECUTE 9.2MSEC SOFTWARE TIMER 


SECTION 2. A/D CONVERSION 
2.1 HARDWARE DESCRIPTION 


2.1.1 Function 


Performs analog to digital conversion in the range from 0 to 5V by 
HMCS404C MCU control of a resistant ladder type D/A converter. 


Results of A/D conversion are expressed in BCD (Binary Coded Decimal). 


2.1.2 Microcomputer Operation 


Outputs data from $00 - $FF from ports R7 and R8 to control resistant 
ladder type DA converter, and then compares analogue output (Vref) 
and input (Vjn) voltages of the D/A converter and inputs results into 


port DO. 


2.1.3 Peripheral Devices 


2.1.4 Circuit Diagram 


. MCU 
HMCS404C 
oe) 
HMCS408C 


+5V 


+5V 
HA1L7901 


| ee 
TEST 10k ll 
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=; 
° , 
— 
[¥*) 
2 


ee) 
oo 
w 


1S2076 
HD74HC14 
Dbo—fdo—fx 


es) 
= 


ai 
ative 
“4d 


22pF 


~~ 

@ 

° 
= 
= 
Le) 


4MHz CJ) 1M2Q 


22pF 


> 
Paar 
B 


Po 
= 





% 


CMOS 
11D14050 





Fig. 2.1. A/D. Donversion Circuit 
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2.1.5 Pin Functions 


Pin functions for A/D conversion are shown in Table 2.1. 


Table 2.1. Pin Functions 








Pin. Name Input/ Active Level 

(HMCS404C) Output (High or Low) Function 

Do Input - Inputs comparator Vout output 
R70 Output - 

R71 Output - 

R79 Output ~ 

R73 ~ Output - Changes digital output in the 
Rgo 7 nesue ~~ range from $FF - $00 

Rel Output - 

Rg? Output - 

Rg3 Output - 
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2.1.6 Hardware Operation 


Fig. 2.2 shows timing chart of comparator Vin, Vref and Vout when 


3.4 V has been inputted in Vin- 


Conversion End 


Fig. 2.2. A/D Conversion Timing Chart 
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2.2 SOFTWARE DESCRIPTION 


2.2.1 Program Module Configuration 


The program module configuration to conduct A/D conversion is shown 


in Fig. 2.3. 


Main Program 


Convert 
Conversion Hexadecimal 
into BCD 





Fig. 2.3. Program Module Configuration 


2.2.2 Program Module Functions 


Program module functions are summarized in Table 2.2. 
Table 2.2. Program Module Functions 
No. Program Module Name Label Function | 


@) Main Program ADMN Main program which calculates value of 
A/D conversion into 3 decimal digits 


1 A/D Conversion ADCNV Conducts A/D conversion 
2 . Convert Hexadecimal HEX Converts 2 hexadecimal bytes into 5 
into BCD decimal digits. For details, refer to 





HMCS400 Series Application Note 
(Software Edition) on Software HEX 
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2.2.3 Program Module Process Flow (Main Program) 


Fig. 2.4 shows an example of executing A/D conversion using the modules 
shown in Fig. 2.3. Execution of the main program in Fig. 2.4 determines 


the value of A/D conversion in 3 decimal digits. 


Main Program 


| initiate W register 


| vectorm A/D conversion 


$ 0—-MD($04D) 


$0—-MD($04C) 


Store A/D conversion results in entry 
| arguments of HEX 
ADU->MD($04B ) 


ADL~MD($04A ) 


Call HEX and convert A/D conversion 
value from 2 hexadecimal bytes to 5 
decimal digits. For details, refer to 
HMCS400 Series Application Note (Software 
Edition) on Software HEX 





Fig. 2.4. Example of Executing A/D Conversion 
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2.3 PROGRAM MODULE DESCRIPTION 





MCU: HMCS402C/ 
HMCS404C/HMCS408C 


Program Module Name: 


A/D Conversion 








Function: 


Controls op-amp and resistor ladder and performs A/D conversion. 


Arguments: ; hanges in CPU S ecifications: 
——— 1 digit = 4 bits Senos 2 


Storage No. of Registers and Flags: 1 word = 10 bits 


Contents Location Digits 


ROM (Words): 77 
Entry RAM (Digits): 2 
Stack (Digits): 0 
No. of cycles: 88 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 
A/D ADU (RAM) 


conversion 
result 


Re- 


turns ADL (RAM) 


Not Affected 
Undefined 
Result 


Description: 
l. Function Details 


(1) Argument details 
ADU (RAM), ADL(RAM): Holds 2 hexadecimal 
digits of A/D conversion results. @ Entry 


arguments 


{ Vin = 1.0 


Fig. 2.5 shows an example of program 
If Vin is as shown in part @ of Fig. b7 ADU,ADL  b0 


2.5, A/D conversion results are stored > Return : eens 
in ADU(RAM), ADL(RAM) as shown in part a aa 
@ of Fig. 2.5. 


Fig. 2.5. Example of ADCNV 
Execution 


Specifications Notes: Number of cycles is the value when comparator Vin is 0 V. 





54 HITACHI 


Program Module Name: 


MCU: HMCS402C/ Label: 


A/D Conversion HMCS404C/HMCS408C ADCNV 





Description: 
2. User Notes 


Software timer is executed with due consideration for delays in HA17901. 


3. RAM Allocation 





Fig. 2.6. RAM Allocation 


Label RAM Description 


b3 bO 


ADU WW 


MD ($030) 
Stores A/D conversion output results 
b3 bO 


ADL Yy 


MD( $040) 
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Program Module Name: | J: HMCS402C/ 


A/D Conversion HMCS404C/HMCS408C 





Description: 


4. Sample Application 


WORKU E QU $030 Allocate RAM area to store 2 hexa- 
ei eT decimal digits of A/D conversion 
WORKL EQU 0.40 results 
| CALL ADCNV | — Call subroutine ADCNV 
LAMD ADU 
LMAD WORKU Store A/D conversion results in return 
a eeais arguments into user program RAM area 
-LAMD ADL 


LMAD WORKL 


5. Basic Operation 


(1) The binary search method used in A/D conversion is described below. 
As shown in Fig. 2.7, when searching for a certain number, the entire 
range of numbers is consecutively divided into 1/2, 1/4, 1/8, etc., 
each time performing a numerical comparison to determine which side of 
the division the searched for number must lie in. The maximum number 
of times (A) that this process must be performed is expressed by the 
formula log2 N= A. Binary search greatly speeds up the A/D conversion 
process. : . 


Number being sought 


! 


012 3 4 326 7 8 
(os os A 


oe 
® @) 


Start @ @ @ _ specify order of search 


Fig. 2.7. Binary Search Method 


(2) Procedures are described below. 





(a) Use ADU(RAM), ADL(RAM) as outputting data buffer to ports R7 and R8. 


(b) Clear ADU(RAM), ADL(RAM) beforehand. 
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Program Module Name: 


MCU: HMCS402C/ Label: 


HMCS404C/HMCS408C 


A/D Conversion ADCNV 





Description: 


(c) In the order from the highest bit in ADU(RAM), ADL(RAM) set 1 by the 
set memory bit (SEM instruction) and output ADU (RAM), ADL(RAM) data to 
ports R8 and R7. 


(a) Test whether Voyt input from comparator is high or low every time 
there is an output from port R8 or R7. 


(e) If high, Vin > Vref; continue next output under same conditions. 
If low, Vin < Vrefi conduct next output after clearing bits set in 
ADU (RAM), ADL (RAM). 


(3) Software timer is being executed with due consideration for delay time 
of the comparator. 
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Program Module Name: MCU: HMCS402C/ 


. HMCS404C/HMCS408C 
A/D Conversion | 





Flowchart: 


Initialize ports R7, R8, ADU(RAM), 
ADL (RAM) 


$0—-ADU 
$0-ADL 


Initialize memory address 


Set bit 3 of ADU(RAM) to l 

Output ADU(RAM) data from port R8 
Execute software timer 

Test condition of port D(Y) 

Clear bit 3 of ADU(RAM) to l 

Set bit 2 of ADU(RAM) to 1 


Output ADU(RAM) data from port R8 
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MCU: HMCS402C/ Label: 
HMCS404C/HMCS408C ADCNV 


Program Module Name: 


A/D Conversion 





Flowchart: 


Execute 10 Us software timer 

Test condition of port D(Y) 

Clear bit 2 of ADU (RAM) 

Set bit 1 of ADU(RAM) to l 

Output ADU(RAM) data from port R8 


Execute 10 Us software timer 


D(y)= 1 
<Test Da) > ——--— Test condition of port D(Y) 


D(y)= 0 
0—->M(1) [occ Tn cheer Bit 1 of ADU (RAM) 
ADCN8 
L—> MO). [je Set bit O of ADU(RAM) to 1 


<<a | output ADU(RAM) data from port Ro 


| ADNOP aaa rice | execute 10 us software timer 
Dy)= 1 —_ 
<Test De) > SSS e Test condition of port D(Y) 


D(iy)= 0 





0 + M (0) | cress bit O of ADU (RAM) 


—---- Output ADU(RAM) data from port R8 
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PatOue 
ps) 














Program Module Name: 


A/D Conversion 





Flowchart: 


ee me ee ee 
— oe ee 
ee ee ee eee 


ADCN6 
1 — M (1) 


ee ee ee ee 
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MCU: HMCS402C/ 
HMCS404C/HMCS408C 


Label: 


Load $4 in X register 

Set l is ADL (RAM) bit 3 

Output ADL(RAM) data from port R7 
Execute 10 Us software timer 

Test er of port D(Y) 

Clear eae 3 of ADL (RAM) 

Set bit 2 of ADL(RAM) to 1 

Output ADL(RAM) data from port R7 
Execute 10 us software timer 

Test condition of port D(Y) 


Clear bit 2 of ADL(RAM) 


ee aa ee Oe he eh fe 


Set bit 1 of ADL(RAM) to 1 


Output ADL(RAM) data from port R7 


Execute 10 Us software timer 


Fee ale 


ADCNV 





Program Module Name: MCU: HMCS402C/ 


A/D Conversion HMCS404C/HMCS408C 





Flowchart: 


Test condition of port D(Y) 


Clear bit 1 of ADL (RAM) 


Set bit O of ADL (RAM) 


Output ADL(RAM) data from port R7 


Execute 10 Us software timer 


Test condition of port D(Y) 


Clear bit O of ADL (RAM) 
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2.4 SUBROUTINE DESCRIPTION 


Subroutine Name: MCU: HMCS402C/ 


; HMCS40 
Software Timer S404C/HMCS408C 


Function: 


Executes 10 Us software timer by NOP instruction. 


Basic Operation: 


1. Executes software timer in consideration of delay time for comparator 
HA17901. 


2. Executes of NOP instruction (2 times) and RTN instruction resulting in 
execution of the 10 us software timer. 


Flowchart: ADCNV 


ADNOP 


10 Us software timer is executed 
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2.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 010 0000 LLEN 132 

00002 TITLE AD CONVERSION 

00003 * 

00004 OOK RAM ALLOCATION OICOOIOIIOOO OO IORI IOI OK FOR IOK I IOK OK 
0000S * 

00006 ADU EQU $030 UPPER A/D CONVERSION FLAG 
00007 ADL EQU $040 LOWER A/D CONVERSION FLAG 
00008 XHE XD EQU $4 HEXADECIMAL AND DECIMAL DATA ADDR(X) 
00009 YHHE X EQU $A 2-BYTE HEXADECIMAL DATA ADDRCY) 
00010 YHDEC EQU $2 S-DIGIT BCD DATA LSD ADDRCY> 
00011 BAHE X EQU $E 2-BYTE HEXADECIMAL DATA MSO ADORCY)+1 
00012 BADEC EQU $7 S-DIGIT BCD DATA MSD ADDRCY) +1 
00013 (OOOO OIC IOIOIOIOIOIOIOIORIORIO IOIOR KOO OR IOK OOO IO IOI IOI OIOK 3 2K 2 KOK 
00014 * x 
00015 * VECTOR ADDRESSES * 
00016 * x 
00017 {OOO OOOO ORO OOO IOK IO OOOO OOO KOK OOIOIOKOIOK KOK OK IORI KOK IOKOK 
00018 * 

00019 ORG $0000 

00020 * 

00021 150 010 0000 JMPL ADMN RESET 

00022 1S0 010 0002 JMPL ADMN INTO 

00023 150 010 0004 JMPL ADMN INT1 

00024 1S0 010 0006 JMPL ADMN TIMER-A 

00025 150 010 0008 JMPL ADMN TIMER-8 

00026 000 OOOA NOP 

00027 000 0008 NOP 

00028 1S0 010 oO0o0c JMPL ADMN SERIAL 

00029 OOOO IO IOI IORI IOIOOO IO IOI IO KIO I OK IOI KOK IOI OK KK KOK KOK OK 
00030 * * 
00031 * MAIN PROGRAMN : ADMN * 
00032 * * 
00033 FOO OGOCIORIOQIOIOIOR I OIOROIOR OK IO OK OK KHOR KI ORO OK OK OK KOK 
00034 * 

00035 ORG $0010 

00036 * 

00037 OFO 0010 ADMN LWI $0 INITIALIZE W REGISTER 

00038 160 022 0011 CALL ADCNV A/D CONVERTION 

00039 1A0 040 0013 LMID $0.$04D LOAD RESULT INTO HEX ENTRY ARGUMENT 
00040 1A0 04C 0015 LMIO $0. $04C 

00041 190 030 0017 LAMD ADU 

00042 194 048 0019 LMAD $04B 

00043 190 040 0018 LAMD ADL 

00044 194 044 0010 LMAD $04A 

00065 160 O6F OO1F CALL HEX CONVERT RESULT INTO BCD DATA 
00046 321 0021 PEND BR PEND END OF PROGRAM 

00047 YOO OOOO OIOOIOIOOK IOI IO IOC IORIOR IOI IO IOI IO IOI IO OOK IOR IOI OK IK 
00048 * * 
00049 * NAME : ADCNV CAD CONVERT) * 
000S0 * * 
00051 (OOOO OI OIOROIOOR OOO IO OO IOI OK GOI IOI IO IO OK IOI OIOK 
00082 * * 
000S3 * ENTRY : NOTHING * 
00054 * RETURNS : ADU CUPPER A/D CONVERSION FLAG) * 
000S5 * ADL (LOWER A/D CONVERSION FLAG) * 
00056 * * 
00057 YOOIOIOIOOOOOO OGIO IO OOO OIC IOI OOOIOKIOK IOI KOK OKI OIOK OK 
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00058 
00059 
00060 
00061 
00062 
00063 
00064 
0006S 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
0008S 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
0010S 
00106 
00107 
00108 
00109 
00110 
00111 
00112 
00113 
00114 


230 
208 
207 
1A0 
1A0 
223 
210 
087 
090 
208 
160 
OEO 
333 
088 
086 
090 
208 
160 


338 
08A 
08S 
090 
208 
160 
OEO 
343 
089 
084 
090 
208 
160 
OEO 
34D 
088 
090 
208 
224 
087 
090 
207 
160 
OEO 
356 
088 
086 
090 
207 
160 
OEO 
35E 
O8A 
08S 
090 
207 
160 
OEO 


030 


040 


08S 


08S 


085 


08s 


08S 


08S 


08S 
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0022 
0023 
0024 


0025 | 


0027 
0029 
002A 
0028 
002C 
0020 
002E 
0030 


0035S 
0036 


003C 
0030 


0042 
0043 
0044 
0045S 
0046 
0048 
0049 
004A 
0048 
004C 
0040 
OO4E 
OO4F 
0050 
0051 
0053 
0054 
0055 
0056 
0057 
00S8 
00S9 
0058 
OOSC 
00SD 
OOSE 
OOSF 
0060 
0061 
0063 


ADCNV 


ADCN1 


ADCN2 


ADCN3 


ADCN4 


ADCNS 


ADCN6 


$0 
$8 
$7 
$0, ADU 
$0. ADL 


$0 
$3 


$8 
ADNOP 


ADCN1 


$2 


$8 
ADNOP 


ADCN2 
$2 
$1 


$8 
ADNOP 


ADCN3 
$1 
$0 


$8 
ADNOP 


ADCN4 
$0 


$8 
$4 
$3 


$7 
ADNOP 


ADCNS 
$3 
$2 


$7 
ADNOP 


ADCN6 
$2 
$1 


$7 
ADNOP 


INITIALIZE R8 PORT 
INITIALIZE R? PORT 
INITIALIZE RAM 


DEFINE RAM STARTING ADDRESS 


SET BIT 3 OF WORKUCRAM) 
OUTPUT WORKUCRAM) DATA 


TIME DELAY 


COMPARE OUTPUT DATA WITH 


CLEAR BIT 3 
SET BIT 2 
OUTPUT DATA 


TIME DELAY 
COMPARE OUTPUT DATA 


CLEAR BIT 2 
SET BIT 1 
OUTPUT DATA 


TIME DELAY 
COMPARE OUTPUT DATA 


CLEAR BIT 1 
SET BIT 0 
OUTPUT DATA 


TIME DELAY 
COMPARE OUTPUT DATA 


CLEAR BIT 0 
OUTPUT DATA 


CONVERT RAM ADDRESS 
SET BIT 3 
OUTPUT DATA 


TIME DELAY 
COMPARE OUTPUT DATA 


CLEAR BIT 3 
SET BIT 2 
OUTPUT DATA 


TIME DELAY 
COMPARE OUTPUT DATA 


CLEAR BIT 2 
SET BIT 1 
OUTPUT DATA 


TIME DELAY 
COMPARE OUTPUT DATA 


WITH 


WITH 


WITH 


WITH 


WITH 


WITH 


INPUT 


INPUT 


INPUT 


INPUT 


INPUT 


INPUT 


INPUT 


VOL TAGE 


VOL TAGE 


VOLTAGE 


VOLTAGE 


VOLTAGE 


VOL TAGE 


VOLTAGE 


00115 366 0064 BR ADCN? 


00116 089 0065 REM $1 CLEAR BIT 1 

00117 084 0066 ADCN? SEM $0 SET BIT 0 

00118 090 0067 LAM OUTPUT DATA 

00119 207 0068 LRA $7 

00120 160 085 0069 CALL ADNOP TIME DELAY 

00121 OEO 0068 TO COMPARE OUTPUT DATA WITH INPUT VOLTAGE 
00122 36E 006C BR ADMN8 

00123 088 006D REM $0 CLEAR BIT O 

00124 010 O06E ADMNS RTN 

0012S OOIOIOOIOI IO I OOIOIOIOR IOIORIOIOIOR IORI IO IOK IORI OO IOIOK FOR IO IORI IO IOIOK I IOIIOK OIIOK OK 
00126 * * 
00127 ak NAME : HEX (CONVERT 2-BYTE HEXADCIMALS * 
00128 * INTO S-DIGIT BCD) * 
00129 * * 
00130 NOOR IOIOIOR OOOO IOI OI OI OIRO OIOR OK IOI IIR IO IOR IK OI IOIOK IOI IOIOK KOK FOR IOK 210K 0K 0K 24 0K 
00131 * * 
00132 * ENTRY : MDC $040-$04A) (2-BYTE HEXADECIMAL DATA) * 
00133 * RETURNS : MO¢($046-$042) (S-DIGIT BCD DATA) * 
00134 * * 
00135 2OOOIOOIOOIOR IO IOI OIC IOOIOR IOI IORI II OK IOI IOI IKI IOIOR I IORI II OK IOI KK 
00136 224 OO6F HE X LXI XHEXD LOAD HEXADECIMAL ADDR CX) 

00137 212 0070 LYI YHDEC LOAD BCD DATA ADDRCY) 

00138 290 0071 HEX1 LMIIY $0 CLEAR BCD DATA ADDRCY) 

00139 O77 0072 YNEI BADEC 

00140 371 0073 BRS HEX1 

00141 20F 0074 LBI $F LOAD SHIFT COUNTER 
00142 21A 0075S HEX2 LYI YHHEX LOAD HEXADECIMAL DATA ADDRCY)> 
00143 090 0076 HEX3 LAM SHIFT HEXADECIMAL DATA 1 BIT LEFT 
00144 OA1 0077 ROTL 

0014S 0S0 0078 LMALY 

00146 O7E 0079 YNEI BAHE X 

00147 376 007A BRS HEX3 

00148 212 007B LYI YHDEC LOAD BCD DATA LSD ADDRCY) 

00149 090 007C HEX4 LAM BCD DATA AREA *2+CA->A 

00150 OA1 0070 ROTL 

00151 OAS OO7E DAA CONVERT INTO BCD DATA ? 

00152 0S0 O07F LMAILY LOAD DECIMAL DATA 

00153 077 0080 YNEI BADEC TEST IF CONVERSION IS COMPLETED 
00154 37C 0081 BRS HEX4 

0015S OCF 0082 08 DECREMENT SHIFT COUNTER 

00156 375 0083 BRS HEX2 LOOP UNTIL SHIFT COUNTER = $F 
00157 010 0084 RTN 

00158 OOIOIOOIOIOIOR IGOR IGOR IO IO IORI IOI OO OIG I J IO IOI OK I OK IOI KOK 

001S9 * * 

00160 * NAME : ADNOP CTIME DELAY) * 

00161 * * 

00162 (OOOO OR IO IOI IORI I OGIO IO OK IOIOK IO IK OIIOKIOIOK OK 

00163 000 008S ADNOP NOP 

00164 000 0086 NOP 

00165 010 0087 RTN 

00166 * 

00167 ENO 
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SECTION 3. PULSE OUTPUT DUTY CONTROL 
ores “HARDWARE DESCRIPTION 


3.1.1 Function 


Performs duty control of pulses output from the HMCS404C MCU in the 
range from O - 100%, increasing the duty rate 10% every 0.7 sec. 
The output pulses are input to an amplifier and integration circuit, 


producing output voltages from 0 V to 5 V in O.5 units. 


3.1.2 Microcomputer Operation 
Outputs high, low pulses from port D4 using timer B with interrupt 
routines. The high and low period of these pulses are varied with 


TMB (Timer Mode B register). 


3.1.3 Peripheral Devices 


HD14050B: Operational Amplifier - Prevents the fluctuation of 


analog output voltage caused by the load in user system. 


HA17458: Integration Circuit - Converts digital pulses output from 
the MCU to analog. | 
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3.1.4 Circuit Diagram 


MCU 
HMCS404C 
HMCS402C 


HMCS408C? 


1S2076 


HD74HC14 
ID>e to >e +12V 


22pF HA17458 


4MHz CJ 00 5g HD14050B 800k2 il | . 
- 


22pF 14F 
i —12V 





Fig. 3.1. Duty Pulse Output 


3.1.5 Pin Functions 


Pin function for pulse output is shown in Table 3.1. 


Table 3.1. Pin Function 





Pin Name Input/ Active Level 
(HMCS404C) Output (High or Low) Function 
D4 Output | - Output pulse 
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3.1.6 Hardware Operation 


Outputs pulses with 0 - 100% duty rate every 0.7s, increasing the 
duty rate 10% each time from port Dq on the HMCS404C. The pulse 


output and DA conversion are shown in Fig. 3.2. 


100% 


Output from Port D4 
(Duty 40%) 


Output after DA 
conversion 





Fig. 3.2. Pulse Output and Waveform after DA Conversion 
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3.2 


SOFTWARE DESCRIPTION 


3.2.1 Program Module Configuration 


The program module configuration for pulse output is shown in Fig. 3.3. 


E 
SET DUTY PULSE 


OUTPUT 





Fig. 3.3. Program Module Configuration 


3.2.2 Program Module Functions 


Program module functions are summarized in Table 3.2. 


Table 3.2. Program Module Functions 


No. Program Module Name Label Function 





6) Main Program DUMN Outputs pulse with O - 100% duty rate 


1 Set Duty DUSET Sets duty 


2 Output Pulse DUOUT Outputs pulse from I/O port 
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3.2.3 Program Module Process Flow (Main Program) 


The flowchart in Fig. 3.4 is an example of D/A conversion by control- 
ling pulse output, performed by the program modules in Fig. 3.3. The 
Main program in Fig. 3.4 changes pulse output with O - 100% duty rate 


every 0.7 seconds, increasing the duty rate 10% each time. 


Pei Main Program 


$ 0-—-W ——— -| Initialize W register 


Initialize TMB to auto reload, 
prescaler + 32 


———-— | creas timer B interrupt mask 
a a me | mnabie interrupt 


-----| toad DUSET entry argument 


oe a Execute DUSET, and initialize pulse 
duty 


Increment data for next pulse 
output 


Execute 0O.7s software timer 
Note) DECNT: 4-digit BCD counter. 
[ = For details refer to HMCS400 
Series Application Note 
(Software Edition) on Software 
DECNT 


Timer B interrupt routine 


—-—-—-| Execute DUOUT and output duty pulse 





Fig. 3.4. Program Module Sample Application 
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Arguments: 


3.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: 


Set Duty 


MCU: HMCS402C/ 


HMCS404C/HMCS408C 





Label: 
DUSET 


Stores high and low output period corresponding to l-digit 
hexadecimal duty stored in entry argument. 


1 digit = 4 bits 
Storage No. of 
Location Digits 


Changes in CPU 


Registers and Flags: 


Entry 


Duty Y 


HTIMEU 
output HTIMEL 
width (RAM) 
Low LTIMEU 
output LTIMEL 
width (RAM) 
Output HOUTF 

pulse LOUTF 

mode flag (RAM) 


High 


Description: 


1. Function Details 


(1) Argument details 


1 


Not Affected 


Undefined 
Result 


@ Entry Y ea ee) 
argument ($A) 


Y: Holds duty as l-digit 


hexadecimal number 


HTIMEU, HTIMEL (RAM): 
LTIMEU, LTIMEL (RAM): 


HOUTF, LOUTF (RAM): 





Contains high 
output period 
Contains low 
output period 
Contains flag 
indicating what 
‘ Fig. 
output is performed; 
low consecutive output, 
high consecutive output, 
pulse output. 


Table 3.3 shows flag functions 


Specifications Notes: | 


@ Return 
argument 


BieDs 


or 





Specifications: 


l word = 10 bits 
ROM (Words): 44 
RAM (Digits): 7 
Stack (Digits): 0 
No. of cycles: 
Reentrant: 
Relocatable: 
Interrupt OK?: 


b3 Y b0 


pea 


HT IMEU: 
64 
ee — 
LTIMEL(RAM) 


($96) 


: UTF : 
HOUTF: HOP 
LOUTF(RAM) EOE 


($02) 


Example of Program 
Module DUSET Execution 
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Program Module Name: MCU: HMCS402C/ 


Set Duty HMCS404C/HMCS408C 





* | Description: 


Table 3.3. Flag Functions 








HOUTF LOUTF Function 

1 0 Outputs high consecutively from port D4 
0 0 - Outputs pulses from port D4 

0 | i Outputs low consecutively from port Dy 





(2) Program module DUSET calls neither program modules nor subroutines. 
2. User Notes 
Data set in Y must be in the range OS YS10. 


Setting data outside of this mange an make high and low pulse width 
measurement impossible. 
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Program Module Name: 


set Duty 





Description: 


3. RAM Allocation 


MCU: HMCS402C/ Label: 
HMCS404C/HMCS408C DUSET 








Fig. 3.6. RAM Allocation 


Label RAM 


b3 bO 


voor 


MD($0, $048) 


D3 bO 


MD($0, $058) 


b7 


HT IMEU: HTIMEL WG 


MD($036,$0385) 


LTIMEU: LTIMEL 





Description 


Flag indicating pulse mode from 
port Dg 


Stores upper and lower data of 
high output width 


Stores upper and lower data of 
low output width 
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MCU: HMCS402C/ 
HMCS404C/HMCS408C 


Program Module Name: 





Set Duty 





Description: 


4. Sample Application 


LAMD WORK ; 
wetina Initialize duty 


LAY 


| CALL DUSET | seeeee Call subroutine DUSET 


5. Basic Operation 


(1) Y is used as a table index pointer to indicate high or low output pulse 
width corresponding to duty. 


(2) Test if duty in Y is 0% or 100% and if so, store O in HTIMEU, LTIMEU (RAM) 
or 10 in HTIMEL, LTIMEL (RAM). 


(3) If duty set in Y is other than 0% or 100%, store high and low output 


width in HTIMEU, HTIMEL(RAM) and LTIMEU, LTIMEL(RAM), respectively, 
by pattern command. 
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Program Module Name: MCU: HMCS402C/ 


Set Duty HMCS404C/HMCS408C 











Flowchart: 
DUS ET 
DUSET 
Y#0 <c¥e0 > Test if low consecutive output or 
not 
Y=0 
0-HOUTF 
_____| Set pulse output mode flag to low 
consecutive output 
1->LOUTF 
DUSET1 


eo Y#10 
1>HOUTF 
0—-LOUTF 


DUSET2 
$8—-HTIMEU 


Test if high consecutive output 


consecutive output 


Store high width 


$ 83-HT IMEL 


$ 8—>LTIMEU 
Store low width 


$3—-LTIMEL 


| pulse output mode flag to high 


DUSETS3 
R T N 
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MCU: HMCS402C/ Label: 
HMCS404C/HMCS408C DUSET 


Program Module Name: 


Set Duty 





Flowchart: 


DUSET4 


Yoa 


$ F—> B 


Store high width outputted from 


Patt 0 --—-—— 
yaa port Da by pattern (P) command 


A~HTIMEL 


B->HTIMEU 


Y —- A 


$ F —> B 


Store low width outputted from 
port Dg by pattern (P) command 


Pattern $ 1 


A>LTIMEL 


B>LTIMEU 


0-HOUTF 


Set pulse output mode flag to 
pulse output 


0-LOUTF 
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Program Module Name: 


Function: 


Arguments: 


Contents 


Entry 


High 
output 
width 
Low 
output 
width 
Output 
pluse 


Output Pulse 


Output duty pulse from port. 


1 digit = 4 bits 
storage No. of 
Location Digits 


HT IMEU 
HT IMEL 
(RAM) 
LTIMEU 
LTIMEL 
(RAM) 
HOUTF 
LOUTF 2 


mode flag (RAM) 


Re- 
turns 


Description: 


1. Function Details 


(1) Arguments details 


HTIMEU (RAM): Store upper data 


high pulse width 


MCU: HMCS402C/ 
HMCS404C/HMCS408C 


e 


a 
e 
e 


Changes in CPU 
Registers and Flags: 


Not Affected 
Undefined 


Result 


@) Entry 


Label: 
DUOUT 


Specifications: 

1 word = 10 bits 
ROM (Words): 35 
RAM (Digits): 9 
Stack (Digits): 4 
No. of cycles: 22 
Reentrant: 
Relocatable: 


Interrupt OK?: 


HT IMEU : 
HTIMEU: b7 HTIMEL bO 


($64) LT IMEU: 
LTIMEU: LTIMEL 


LT IMEL(RAM) 9 6 | 


($96) : 
HOUTF: Poona 


LOUTF(RAM) 0 
($02) 


HTIMEL (RAM): Store lower data 
high pulse width 
LTIMEU (RAM): Store upper data 
low pulse width 
LTIMEL (RAM): Store lower data 
low pulse width 


(2) Result {Port D4 
bape 


Duty 40% 
Example of DUOUT Execution 


Gees soecd 


Specifications Notes: 
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MCU: HMCS402C/ 
HMCS404C/HMCS408C 


Label: 





Program Module Name: | 


Output Pulse DUOUT 





Description: 


HOUTF (RAM): Store flag indicating what output is performed; low 
LOUTF (RAM) consecutive output, high consecutive output, or pulse output. 


Table 3.4. Flag Functions 





HOUTF LOUTF Function 

1 0 Output high consecutively from port D4 
O 0 Output pulse from port D4 

0 1 Output low consecutively from port D4 


(2) Program module DUOUT calls neither program modules nor subroutines. 


2. User Notes 
(1) Initialize timer B before use. 


(2) IE bit should be initialized for interrupts when using timer B 
interrupt. 
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Program Module Name: : HMCS402C/ Label: 
Output Pulse HMCS404C/HMCS408C DUOUT 





Description: 


3. RAM Allocation 


T 
| 
t 


ame eee 





Fig. 3.8. RAM Allocation 


Label RAM Function 
b3 bO 
ll 
MD( $0, $048) 


Flag specifying mode selection for 
pulses outputted from port D4 
b 


MD( $0, $058) 


eS) 
o 
o) 


7 b 
HT IMEU :HTIMEL WG Store upper and lower data of 
NS S high output width 


7 
y % 
LT IMEU: LTIMEL Yyfw Store upper and lower data of low 
Li LA output width 





AAA? 





Flag specifying high, low or pulse 
from port Dg 


HLFLG 





waretetetetete! 


MD($0, $056) 
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Program Module Name: 


Output Pulse 





Description: 


4. Sample Application 


LMID 


$B, $009 
REMD 1, $002 
REMD 0, $002 
SEMD 0, $000 
LAMD WORK 
LYA 


5. BaSic Operation 


ererece 


eoootes 


eenree 


MCU: HMCS402C/ 
HMCS404C/HMCS408C 


Label: 
DUOUT 


Initialize timer mode register B 
Reset timer B interrupt mask 
Reset timer B interrupt request flag 


Set interrupt enable flag 


Store duty from user program in 
subroutine DUSET entry argument 


Call DUSET and initialize high output 
width and low output width in DUOUT 
entry argument 


Determines the previous output at every timer interrupt, and changes 


output port, high to low, low to high. 


stored in TLRL and TLRU. 
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The width of high or low is 


MCU: HMCS402C/ Label: 
HMCS404C/HMCS408C DUOUT 


Program Module Name: 


Output Pulse 





Flowchart: 


DUOUT 


DUOUT 


o-IFTB —~-—- | Clear timer B interrupt request flag 


A*>MR ($F) 


Save register 


Test HLFLG 


aaa fp 


HLFLG= 0 


HTIMEL->A 
A>-TLRL 
Bets Store high width pulse in TLRL and 
TLRU 


Test if output pulse is low or high 


; 


HT IMEU>A 


A~>TLRU 


Test LOUTF 
Test if duty is 0% 


LOUTF=1 


PETE 


LOUTF=0 


= - Since duty is not 0%, high is outputted 
from port Dg 


1>-HLFLG 


A<>MR ($F) ——-—-| Restore register 


DUOUT1 
R TN I 
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Program Module Name: 


Output Pulse 





Flowchart: 


DUOUT2 


LTIMEL~A 
A> TLRL 
LTIMEU~A 
A> TLRU 


Test HOUTF 


0- HLFLG 
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MCU: HMCS402C/ 





Label: 


HMCS404C/HMCS408C DUOUT 






Store low pulse width in TLRL, TLRU 


Test if duty is 100% 


Since duty is not 100%, low is 
outputted from port Dg 


3.4 SUBROUTINES 


This application example calls no subroutines. 


3.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 010 0000 LLEN 132 

00002 TITLE DUTY CONTROL OF PULSE OUTPUT 

00003 * 

00004 HOOK RAM ALLOCATION (OOOO OK IO IO IORI OKOK KOK KK KOK IK 

0000s »* 

00006 WORK EQU $038 WORK AREA FOR DUTY DATA 

00007 HOUTF EQU $0.$048 UPPER DIGIT OF PULSE STATUS FLAG 
00008 LOUTF EQU $0. $058 LOWER DIGIT OF PULSE STATUS FLAG 
00009 HTIMEU EQU $036 UPPER DIGIT OF HIGH PERIOD OF PULSE 
00010 HTIMEL EQU $035 LOWER DIGIT OF HIGH PERIOO OF PULSE 
00011 LTIMEU EQU $046 UPPER DIGIT OF LOW PERIOD OF PULSE 
00012 LTIMEL EQU $045 LOWER DIGIT OF LOW PERIOD OF PULSE 
00013 HLFLG EQU $0. $056 PULSE OUTPUT SELECTION FLAG 
00014 XDCNT EQU $3 BCD COUNTER ADOR(X) 

00015 YOCNT EQU $A BCD COUNTER LSD ADORCY> 

00016 BADCN EQU $E BCD COUNTER FOR ADDRCY) 

00017 * 

00018 OKICOK SYMBOL DEFINITIONS FOO IOI IO IO IO IOI OK NOK NOHO OK IK MOK 

00019 * 

00020 IE EQU 0.$000 INTERRUPT ENABLE FLAG 

00021 IFTB EQU 0.$002 IF OF TIMER-B 

00022 IMTB EQU 1.$002 IM OF TIMER-B 

00023 TMB EQU $009 TIMER MODE REG 8 

00024 TLRL EQU $00A TIMER LOAD REG LOWER 

00025 TLRU EQU $008 TIMER LOAD REG UPPER 

00026 OOO OIOIOIOIOOIOIOIOR OOO OOO IOI IO IO IOI IORI IOR IO IO I KOI OK IOI IOK KOK NOKOK 

00027 * »* 

00028 * VECTOR ADDRESSES * 

00029 * * 

00030 OIOIOIOOIOOOIOIOOIOOOOIOOOIOIOK IO OIC IOI IOI IO IOI OR OIOK IOI KI IK IOI IOI OIOIOK 

00031 * 

00032 ORG $0000 

00033 * 

00034 150 010 0000 JMPL DUMN RESET 

00035 150 010 0002 JMPL DUMN INTO 

00036 150 010 0004 JMPL DUMN INT1 

00037 150 010 0006 JMPL DUMN TIMER-A 

00038 150 OSC 0008 JMPL DUOUT TIMER-B 

00039 (OOOO OOO IORI IOI OOK IGOR IO IO IOI OK IOK IOI OK OK IOK IOI OKOKOKOK KOK 

00040 * * 

00041 * MAIN PROGRAMN : DUMN »* 

00042 * * 

00043 FOO OOO OOOO OOOO OI IORIORIORIOR IOI IOI IOI IOI IOI IOK 

00044 * 

00045 ORG $0010 

00046 *K 

00047 OFO 0010 DUMN LWI $0 INITIALIZE W REGISTER 

00048 1AB 009 0011 LMID $8. TMB INITIALIZE PRESCALER 1/32 

00049 189 002 0013 REMO IMTB 

00050 184 000 0015 SEMD IE ENABLE INTERRUPTS 

00051 190 038 0017 DUMN1 LAMD WORK LOAD ENTRY ARGUMENT OF DUSET 
000S2 008 0019 LYA 

00053 160 030 OOI1A CALL DUSET DEFINE DUTY RATE OF PULSE 

00054 osc 001C LY. DUTY+10% -> ENTRY ARGUMENT 

oooss 078 0010 YNEI 11 DUTY =100% 7 

00056 320 OO1E BRS DUMN2 

000S7 210 O01F LYI $0 STORE 0% DUTY 
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000S8 OAF. 0020: DUMN2 LAY | EXECUTE 0.7MS SOFTWARE TIMER 


000589 194 038 0021 LMAD WORK 

00060 1A0 O3A 0023 LMID $0,$03A 

00061 1A0 038 0025 LMID $0, $03B 

00062 1A0 03C 0027 LMIO $0.$03C 

00063 1A0 03D 0029 LMID $0. $03D 

00064 160 081 0028 DUMN3 CALL DECNT 

0006S O6F 002D TC 

00066 Sie O002E BRS DUMN1 

00067 32B 002F BRS DUMNS 

00068 , FOOOOOOROOOOOOR OOOO OIRO ORO OOK IO IO OK OQ OK OK IOI IK OOK 
00069 * * 
00070 * NAME : DUSET CSET DUTY) * 
00071 * * 
00072 OOOO IO OOOO IO ORIOK FOR IO IOI OK IOI IOK OK OOK KOK OK KHOK 
00073 * * 
00074 * ENTRY : Y REGISTER (DUTY DATA) »*« 
0007S * RETRUNS : HTIMEU CUPPER HIGH PERIOD OF PULSE) »* 
00076 3K HTIMEL CLOWER HIGH PERIOD OF PULSE) * 
00077 * LTIMEU CUPPER LOW PERIOD OF PULSE) * 
00078 * LTIMEL (LOWER LOW PERIOD OF PULSE) * 
00079 * HOUTF CUPPER PULSE STATUS FLAG) * 
00080 * LOUTF «LOWER PULSE STATUS FLAG) »* 
00081 * ; * 
00082 SOCIO IOI OOOO IOI OOOO IO OK IO IO IOKIOK HORI IOK 
00083 070 0030 DUSET YNETI $0 TEST IF OUTY =0% ? 

00084 S38. 2: 0031 BRS DUSET1 

0008S 188 048 0032 REMD HOUTF DEFINE FLAG TO OUTPUT LOW 
00086 184 058 0034 SEMD LOUTF 

00087 170 O3E 0036 BRL DUSET2 

00088 #£«O7A 0038 OUSET1 YNET 10 TEST IF DUTY =100% ? 
00089 347 0039 BRS DUSET4 

00090 184 048 003A SEMD HOUTF DEFINE FLAG TO QUTPUT HIGH 
00091 188 058 0O03C REMD LOUTF 

00092 1A8 036 OO3E DUSET2 LMID 8. HTIMEU SET SO0% DUTY RATE 

00093 1A3 035 0040 LMID © 3.HTIMEL 

00094 1A8 046 0042 LMID 8, LTIMEU 

0009S 1A3 045 0044 LMID 3.LTIMEL 

00096 010 0046 DUSET3 RTN 

00097 OAF 0047 DUSETS LAY SET HIGH PERIOD OF PULSE 
00098 ZOF 0048 LBI $F 

00099 1B0 0049 P $0 PATTERN 

00100 194 035 O04A LMAD HTIMEL 

00101 048 004C LAB 

00102 194 036 004D LMAD HTIMEU 

00103 OAF OO4F LAY SET LOW PERIOD OF PULSE 
00104 20F 00S0 LBI : $F 

0010S 181 0051 P $1 PATTERN 

00106 194 045 0052 LMAD LTIMEL 

00107 048 0054 LAB 

00108 194 046 QO0SS LMAD LTIMEU 

00109 188 048 0057 REMD HOUTF DEFINE FLAG TO OUTPUT PULSE 
00110 188 058 0059 REMD LOUTF 

00111 346 0058 BRS OUSET3 

00112 SOOO OO OR OOOO IOI OI III RIK 1 OK KK HOOK KOK KK KCK 91 2K 1K 21 2K 24K 21 KK KK KOK 
00113 * * 
00114 * NAME : DUOUT (OUTPUT PULSE) * 
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00115 * * 


00116 OOO OOO OOOO OOO ORO IORI OO IOI OO IOK OK OK IOK KOK A 
00117 * * 
00118 * ENTRY : HTIMEU CUPPER HIGH PERIOD OF PULSE) * 
00119 * HTIMEL (LOWER HIGH PERIOD OF PULSE) * 
00120 * LTIMEU (UPPER LOW PERIOD OF PULSE) * 
00121 * LTIMEL «LOWER LOW PERIOO OF PULSE) * 
00122 * HOUTF CUPPER PULSE STATUS FLAG) * 
00123 * LOUTF (LOWER PULSE STATUS FLAG) * 
00124 * RETURNS : NOTHING x 
00125 * * 
00126 OOOO OI IOK I OIOI OI IOI KO IOI KKK KKK DK 2K KKK KOK KOK DK 2K KK IK 
00127 188 002 O0OSC OUOUT REMD IFTB CLEAR INTERRUPT REQUEST BIT 
00128 2FF OOSE XMRA $F SAVE X REGISTER 

00129 18C 0S6 OOSF TMD HLFLG HIGH OR LOW OUTPUT 7? 
00130 372 0061 BRS DUDUT2 BRANCH IF LOW OUTPUT 
00131 190 035 0062 LAMD HTIMEL STORE HIGH PERIOD OF PULSE 
00132 194 OCA 0064 LMAD TLRL 

00133 190 036 0066 LAMD HTIMEU 

00134 194 00B 0068 LMAD TLRU 

0013S 18C 058 O06A TMO LOUTF DUTY =0% ? 

00136 370 006C BRS OUOUT1 

00137 2E4 0060 SEDD $4 OUTPUT HIGH PULSE 

00138 184 056 OO06E SEMD HLFLG 

00139 2FF 0070 OUOUT 1 XMRA $F RESTORE X REGISTER 

00140 011 0071 RTNI 

00141 190 04S 0072 DUOUT2 LAMD LTIMEL STORE LOW PERIOD OF PULSE 
00142 194 00A 0074 LMAD TLRL 

00143 190 046 0076 LAMD LTIMEU 

00144 194 00B 0078 LMAD TLRU 

00145 18C 048 OO07A TMD HOUTF DUTY =100% ? 

00146 370 O0O?7C BRS DUOUT1 

00147 264 0070 REDO $4 OUTPUT LOW PULSE 

00148 188 056 OO7E REMD HLFLG 

00149 370 0080 BRS DUOUT1 

00150 FO OOOO OOOO OI OIIOIOOIOIORQ IOI OIOIOIOR OK OK III OIOK KK OKOK KOK KKK IOK 
00151 * * 
001S2 > NAME : DECNT ¢4-DIGIT 8CD COUNTER) Ok 
00153 > * | 
00154 OOO OOOO ORIG IOI OO OK IOI I IO IK IK I IOK IKK IOI KOK IK IK 
0015S * * 
00156 * ENTRY : NOTHING * 
00157 * RETURNS : MOC$030-$03A)(4-DIGIT BCD COUNTER) * 
00158 » CA FLAG (CA=0; TRUE. CA=1 : OVERFLOW) * 
00159 * * 
00160 (OOOO OOOO OI OO IO OR IOI OR OOK IOK IOI OK FOR IOK 2K 2k KOK KKK 24K 1 0K 
00161 223 0081 DECNT LXI XDCNT LOAD ADOR(X) 

00162 Z21A 0082 LYI YOCNT LOAD LSD ADORCY) 

00163 OEF 0083 SEC SET CARRY FLAG 

00164 230 0084 DECNT1 LAI $0 CLEAR A 

0016S 018 0085 AMC INCREMENT 8CD COUNTER 
00166 OA6 0086 DAA CONVERT INTO BCD DATA 
00167 oso 0087 LMALY STORE BCD COUNTER AND BCD DATA 
00168 O7E 0088 YNEI BADCN REGCY) = / BCD COUNTER ? 
00169 384 0089 BRS DECNT1 LOOP UNTIL REGCY) = BCD COUNTER 
00170 010 008A RTN 

00171 FOO OOOO OOO ORO IO IO IO OI OR IOI IOI OK IO KOK KOK KICK IK KKK KOK 





HITACHI 85 














00172 
00173 
00174 
0017S 
00176 
00177 
00178 
00179 
00180 
00181 
00182 
00183 
00184 
0018S 
00186 
00187 
00188 
00189 
00190 
00191 
00192 
00193 
00194 
00195 
00196 
00197 
00198 
00199 
00200 
00201 
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1E7 
1CE 
1B5 
19C 
183 
16A 
151 
138 
LIF 


LIF 
138 
151 
16A 
183 
19C 
18S 
Ce 
1E? 


OOF 1 
OOF 2 
OOF3 
OOF4 
OOFS 
OOF 6 
OOF? 
OOF8 
OOF9 


O1F1 
O1F2 
O1F3 
O1F4 
O1FS 
O1F6 
O1F7 
O1F8 
O1F9 


* 


x 


* 


DATA TABLE 


* 
* 
* 


SECO OOOO OO IOI IOIOK IOI OIOIOK IOI OI IOHOR IOIOK IK HOCK ICO 2K IC 0K CC CK CIC ICC OIC OK IC OI 


* 


* 


SOF 1 


$1E?7 
$1CE 
$1BS 
$19C 
$183 
$16A 
$151 
$138 
$11F 


$1F1 


$11F 
$138 
$151 
$16A 
$183 
$19C 
$185 
$1CE 
$1E7 


HIGH PERIOD OF PULSE 


LOW PERIOD OF PULSE 


SECTION 4. PULSE WIDTH MEASUREMENT 
4.1 HARDWARE DESCRIPTION 


4.1.1 Function 


Measures the input cycle of a pulse to determine pulse width in the 
range from 100 us to 256 Us stores result as a binary coded decimal 


(BCD) number. 


4.1.2 Microcomputer Operation 


The HMCS404C uses the eight-bit auto reload type timer and event 
counter to fetch values in the timer and event counter on the falling 
and rising edges of the INT] pin, using the difference between these 


values to measure the pulse width. 


4.1.3 Circuit Diagram 


MCU 
HMCS404C 


( HMCS402C) 
HMCS408C 


1S2076 
HD74HC14 
>e >o >° 


Pulse input 


22pF 51 | | | | 


4MHz CJ 1M& .. 


22pF 
53 





Fig. 4.1. Pulse Width Measurement Circuit 
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4.1.4 Pin Functions 
Pin functions for pulse width measurement are shown in Table 4.1. 
Table 4.1. Pin Functions 


Pin Name Input/ Active level 
(HMCS404C) Output (High or Low) Function 





R33/INT] Input Low . Detects falling edge of input 
Signal and executes interrupt 
routine 


4.1.5 Hardware Operation 


Fig. 4.2 shows pulse width measurement. Since system clock cycle is 


2 Us, E clock cycle is 1 Us. In Fig. 4.2, pulse width W is 6 Us. 


TCB pulse count value =N 


Timer/event 
counter 





Fig. 4.2. Measure Pulse Width 
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4.2 SOFTWARE DESCRIPTION 


4.2.1 Program Module Configuration 


The program module configuration for pulse width measurement and BCD 


conversion is shown in Fig. 4.3. 


Main 
Program 


Convert 
Hexadecimals 
into BCD 


Pulse Width 
Measurement 





Fig. 4.3. Program Module Configuration 


4.2.2 Program Module Functions 


Program module functions are summarized in Table 4.2. 


Table 4.2. Program Module Functions 











No. Program Module Name Label Function 
O Main Program PWMN Measures pulse width as a BCD number 
1 Measure Pulse Width PWCNT Obtains pulse width as a 2-byte 
hexadecimal number 
2 Convert Hexadecimals HEX Converts 2-byte hexadecimal number 
into BCD into BCD number. Refer to HEX in 


HMCS400 Series Application Note 
(Software Edition) for details 
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4.2.3 Program Module Process Flow (Main Program) 


The flowchart in Fig. 4.4 is an example of pulse width measurement 


performed by the program module in Fig. 4.3. 


P WMWN Main Program 


PWMN 


$ 0—-W aa Initialize W register 


—L 


Select prescaler divide ratio of timer 


$6—-TMB | ----— ‘ 
mode register as 2 


$8—-PMR ———-—-| Select INT) input pin by port mode register 
Clear INT] interrupt mask 


o-IF1 ———-~-| Clear INT] interrupt request flag 


Pe dD. psi nar Set interrupt enable flag 





Clear upper digits not used in HEX 


fe, ull ao a eae 


$ 0O-MD ($4C) 


Store upper digits of 2-byte hexadecimal 
cycle value in input argument HEXD (RAM) 
of module HEX 





PWDTHU 
—MD($04B) 







Store lower digits of 2-byte hexadecimal 
cycle value in input argument HEXD (RAM) 
of module HEX 





PWDTHL 
—MD($04A) 





Call subroutine HEX and convert pulse 
width into BCD number. 

See subroutine HEX in HMCS400 Series 
Application Note (Software Edition) 
for details 


INT] interrupt routine 


eee os. Obtain pulse cycle as a 2-byte hexadecimal 
number 





Fig. 4.4. Program Module Flowchart 
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4.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: MEASURE PULSE : HMCS402C/ Label: 
WIDTH HMCS404C/HMCS408C PWCNT 





Function: 


Obtains pulse cycle as a 2-byte hexadecimal number, and stores result in 
PWDTHU, PWDTHL (RAM). 


Arguments: h s in CPU Specifications: 


Sontents — No. of Registers and Flags: 1 word = 10 bits 

ee te Se a ROM (Words) : 

Entry RAM (Digits): 
Stack (Digits): 
No. of cycles: 
Reentrant: 
Relocatable: 
Interrupt OK?: 


Period PWDTHU 
(upper) (RAM) 


Period PWDTHL 
(lower) (RAM) 


@ : Not Affected 
x : Undefined 
t : Result 


Description: 
1. Function Details | | 
@) Input pulse | | | 
(1) Argument details 


PWDTHU, PWDTHL | | 
(RAM): Contains pulse width 
as a 2-byte hexa- 7 PWDTHU- 19 


pwotnu: ©! PWDTHL 
decimal number. PWDTHL 
CN a 


($058 , $057) 


Q) Measurement 
result 


Fig. 4.5. Example of PWCNT Execution 


Specifications Notes: 
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Program Module Name: MEASURE PULSE 


WIDTH 





Description: 


MCU: HMCS402C/ 


HMCS404C/HMCS408C 





(2) Example of PWCNT execution is shown in Fig. 4.5. If pulse, whose high 
period of pulse is 160 Us, is input as shown in part @ of Fig. 4.5, 
measurement result is stored in PWDTHU, PWDTHL(RAM) as a hexadecimal 


number. 


(3) PWCNT calls neither program modules nor subroutines. 


2. User Notes 


(1) Only period of pulses between 100 and 256 Us can be correctly measured. 


(2) Bit IE is set to enable INT] interrupt. 


(3) Since a 2 Us system clock is employed, an oscillator poise of 4 MHz 
is used to execute measurement of pulse cycles. 


3. RAM Allocation 





Label 


TCBNWU: TCBNWL 


TCBODU: TCBODL 


PWDTHU: PWDTHL 
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ae 


MD( $048, $047) 


b7 bo 


AN 


MD( $058, $057) 


| 
| 
+ 
| 
| 


RAM Allocation 


Description 


Stores timer/event counter value 
at the second falling edge 


Stores timer/event counter value 
at the first falling edge 


Stores difference (cycle) in 
timer/fevent counter at the first 
and second falling edges 


Program Module Name: mpasurE PULSE : HMCS402C/ Label: 
WIDTH HMCS404C/HMCS408C PWCNT 





Description: 


4. Sample Application 


Initialize port mode register as INT], 


LMID $8, PMR vrs input pin 


REMD EN ae Reset external interrupt request flag 


5. Basic Operation 


Reads the timer/event counter value when the external interrupt request 
flag is set on the INT] pin input falling edge. 


In the same manner, read the timer/event counter value at the next falling 
edge. 


Pulse cycle is measured by calculating the difference between the two 
values. 
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Program Module Name: MEASURE PULSE MCU: HMCS402C/ 


WIDTH HMCS404C/HMCS408C 





Flowchart: 


0- IF1l |------- | crea external interrupt request flag 


AweMRCE) 4 =o Save register 


TCBU-> 
TCBNWU 
____ | =~Read timer/event counter value and 


set-in TCBNWU (RAM), TCBNWL (RAM) 
TCBL-> 
TCBNWL 


ip 
. we 

ig) 
Q 
z 
| 


Li 6k, omer | set ca 


TCBNWL— 
TCBODL—CA 
—- PWDTHL 


Obtain pulse cycle by calculating the 
difference in TCB values between former 


and latter interrupts 
TCBNWU— 


TCBOD U-CA 
—+ PWDTHU 








TCBODU (RAM), TCBODL (RAM) to perform 


measurement of next cycle 
TCBNWL 


—- TCBODL 





MR(F)#A |] ---—----—-| Restore register 
RTNI 


TCBNWU 
—- TCBODU 
Store TCBNWU (RAM), TCBNWL (RAM) to 
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4.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


4.5 PROGRAM LISTING 


ST-NO 


00001 
00002 
00003 
00004 
0000S 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
0002S 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
000S1 
00052 
00053 
00054 
000SS 
000S6 
00057 


OBJECT 


1E? 


150 
150 
1S0 
1S0 
150 


OFO 
1A6 
1A8 
189 
188 
184 
1A0 
1A0 
190 
194 


010 
010 
02A 
010 
010 


009 
004 
001 
001 
000 
04D 
O4C 
058 
04B 





ADRS 
0000 


0000 
0002 
0004 
0006 
0008 


0010 
0011 
0013 
0015 
0017 
0019 
0018 
0010 
O01F 
0021 


SOURCE STATEMENTS 


PULSE WIDTH MEASUREMENT 


LLEN 132 
TITLE 
* 
#OKOK IK RAM ALLOCATION 
2 
PWOTHU EQU $058 
PWOTHL EQU $057 
TCBNWU EQU $038 
TCBNWL EQU $037 
TCBODU = EQU $048 
TCBODL EQU $047 
XHE XD EQU $4 
YHHEX EQU $A 
YHDEC EQU $2 
BAHE X EQU $E 
BADEC EQU $7 


* 


YOKOKOK 

* 

TMB EGU 
PMR EQU 
IM1 EQU 
Ba ee EQU 
LE EGU 
TCBU EQU 
TCBL EQU 


SYMBOL DEFINITIONS 


$009 
$004 
$1.$001 
$0. $001 
$0, $000 
$008 
$00A 


OOK OOOO IOIOIOK OIOIOK IO OOK IORI OK ORO OROR OK HOI KICK CK 


UPPER DIGIT OF PULSE WIDTH 

LOWER DIGIT OF PULSE WIDTH 

TIMER CNTR B NEW UPPER 

TIMER CNTR B NEW LOQWER 

TIMER CNTR B OLD UPPER 

TIMER CNTR 8B OLD LOWER 
HEXADECIMAL AND BCD DATA ADDR(X) 


2-BYTE HEXADECIMAL DATA LSD ADDRC(Y) 


S-DIGIT BCD DATA LSD ADDRCY) 


2-BYTE HEXADECIMAL DATA MSD ADDRCY)+1 


S-DIGIT BCD DATA MSD ADDRCY)+1 


OOK IOI OR OROROROROR OKO IOI KOR OK OOK OR IORI HOH HOIO OK IK CK 


TIMER MODE REGISTER B 
PORT MODE REGISTER 
INTERRUPT MODE FLAG 
INTERRUPT REQUEST FLAG 
INTERRUPT ENABLE FLAG 
TIMER CNTR B UPPER 
TIMER CNTR B LOWER 


BOR OOIOIOIOIR OI OOK OIOROR IOI OOK OROIOIOIOIOIOIOI OIRO OR ORO OIOIOIOR FOR OR IOI IO ORO OI OK KOK OK OIC IK 0K 0K OK 


* 


* VECTOR ADDRESSES 


* 


«K 
* 
* 


JRO OIOROR IOI OIOIOI OOOO OIOIOROK FOR ORO OOIOIOIOIOR OR IO OK OIOIOI IOI OR OIOROIOR ROK OR OIOK OOK OK FORK HOOK OK CK 


* 
ORG 
* 
JMPL 
JMPL 
JMPL 
JMPL 
JMPL 


$0000 


PWMN 
PWMN 
PWCNT 
PWMN 
PWMN 


RESET 
INTO 
INT1 
TIMER-A 
TIMER-8 


FOOIOIOIOIOIOI OOOO IOI OKI OIOROROR IOI HOR OIOIOR FORK IOIOIOIOK OR ROKK OIOK HOI OIOK KOK IC 2K 0K 2k I IKK OK CC 


* 


* MAIN PROGRAM : 


*« 


* 


PWMN * 


* 


FOIOOOIOIOIORIOICOR OIC OR IOIOR OR OK OOOO OR OIOIOIOR IO IOIOIOROR IOK ORO KOK OK I OIOI OK KOFOK KOKO OK OK OK 


* 
ORG 

* 

PWMN LWI 
LMID 
LMID 
REMD 
REMD 
SEMD 
LMID 
LMID 
LAMD 
LMAD 


PWMN1 





$0010 


$0 

$6, TMB 

$8.PMR 

IM1 

IF 1 

IE 

$0. $040 
$0.$04C 
PWOTHU 

$048 





INITIALIZE W REGISTER 
SELECT PRESCALER AS 1/72 
SELECT INT1 PIN 

ENABLE INT1 INTERRUPT 


ENABLE INTERRUPT 
LOAD ENTRY ARGUMENT 
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00058 190 OS? 0023 LAMD PWOTHL 


000S9 194 O04A 0025 LMAD $040 

00060 160 04C 0027 CALL HEX CONVERT HEX DATA INTO BCD DATA 
00061 318 0029 BRS PWMN1 

00063 * * 
00064 * NAME : PWCNT CMEASURE PULSE WIDTH) * 
0006S * * 
00067 * 
00068 * ENTRY : NOTHING * 
00069 * RETURNS : PWOTHU (UPPER PULSE WIDTH) * 
00070 * PWOTHL CLOWER PULSE WIDTH) *« 
00071 * * 
00072 ROTO OIOROIOR OOK OO OIORIOIOOIOOIOR IO IGOORIOROIO OOOO OR OOOO KIO HOKIOHOK 
00073 188 001 002A PWCNT REMD IFl CLEAR INTERRUPT REQUEST FLAG 
00074 2FF: 002C XMRA $F SAVE REGISTER 

0007S 190 00B 0020 LAMD TCBU 

00076 194 038 0O02F LMAD TCBNWU STORE TIMER/EVENT COUNTER 

00077 190 O0OA 0031 LAMD TCBL 

00078 194 037 0033 LMAD TCBNWL 

00079 OEF 0035S SEC SET CARRY FLAG 

00080 190 047 0036 LAMD TCBODL CALCULATE PULSE WIDTH 

00081 198 037 0038 SMCD TCBNWL 

00082 194 057 003A LMAD PWDOTHL 

00083 190 048 003C LAMD TCBODU 

00084 198 038 OQOO3E SMCD TCBNWU 

00085 194 058 0040 LMAD PWOTHU 

00086 190 038 0042 LAMD TCBNWU TCBNEW-> TCBOLD 

00087 194 048 0044 LMAD TCBODU 

00088 190 037 0046 LAMD TCBNWL 

00089 194 047 0048 LMAO TCBODL 

00090 2FF 004A XMRA $F RESTORE REGISTER 

00091 011 0048 RTNI 

00093 * * 

00094 * NAME : HEX CCONVERT 2-BYTE HEXADCIMALS INTO * 

00095 * S-DIGIT BCD») »* 

00097 * * 

00098 »* ENTRY : MDC$04D0-$04A) (2-BYTE HEXADECIMALS)> * 

00099 * RETURNS : MD¢$046-$042) (S-DIGIT 8CD) * 

00100 * * 

00102 224 004C HEX LXI XHEXD LOAD HEXADECIMAL ADORCX) 

00103 212 0040 LYI YHDEC LOAD BCD DATA ADDRCY) 

00104 290 O04E HEX1 LMIILY $0 CLEAR BCD DATA ADDRCY) 

00105 077 O04F YNEI — BADEC 

00106 34E 0050 BRS HEX1 

00107 20F 0051 LBI $F LOAD SHIFT COUNTER 

00108 21A 0052 HEX2 LYI YHHE X LOAD HEXADECIMAL DATA ADDRCY) 
00109 090 0053 HEX3 LAM SHIFT HEXADECIMAL DATA 1-BIT LEFT 
00110 OA1 0054 ROTL 

00111 oso ooss LMAIY 

00112 O7E 0056 YNEI BAHE X 

00113 353 00S? BRS HEX3 

00114 212 0058 LYI YHDEC LOAD BCD DATA LSD ADDRCY> 
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00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 


090 
OA1 
OAS 
0s0 
077? 
359 
OCF 
352 
010 


0059 
O0OSA 
00S8 
O0OSC 
00S) 
OOSE 
OOSF 
0060 
0061 


HEX4 





LAM 

ROTL 

DAA 

LMALY 

YNEI BADEC 
BRS HEX4 


BRS HEX2 
RTN 


END 


BCD DATA AREA *2+CA->A 


CONVERT INTO BCD DATA 7 
LOAD DECIMAL DATA 


TEST IF CONVERSION IS COMPLETED 


DECREMENT SHIFT COUNTER 
LOOP UNTIL SHIFT COUNTER = $F 











HITACHI 97 








SECTION 5. INPUT PULSE COUNT 
5.1 HARDWARE DESCRIPTION 


See Function 


Counts input pulses up to 255 pulses; the count value is returned as 


a Hexadecimal number. 


5.1.2. Microcomputer Operation 


Inputs pulses through the INT, Pin of the HMCS404C and performs 
pulse count by counting up timer B timer/event counter (hereinafter, 


TCB) . 


5.1.3 Circuit Diagram 


Input pulse measurement circuit is shown in Fig. 5.1. 


MCU 
HMCS404C 
CMO ee 
HMCS 408C 


1S2076 
HD74HC14 
Doe 


D> Pulse input 


22pF 51 


4MHz CJ 1M 2 


22pF 





Fig. 5.1. Input Pulse Measurement Circuit 


98 HITACHI 


5.1.4 Pin Functions 


Pin functions of HMCS404C for counting pulses is shown in Table 5.1. 


Table 5.1. Pin Functions 





Pin Name Input/ Active Level 
(HMCS404C) Output (High or Low) Function 
R33/INT} Input Low Inputs pulse event 


5.1.5 Hardware Operation 


Fig. 5.2.shows input pulse count using INT, pin of the HMCS404C. 
To set start/end timing for counting input pulses, the procedure 


below must be performed in the main program. 
@ Set flag in STRTF (RAM) 


@ Clear flag is STRIF (RAM) 


Pulse number N 


INT, pin input 
pulse 


Pulse count start Pulse count end 





Fig. 5.2. Input Pulse Count 
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5.2 SOFTWARE DESCRIPTION 


5.2.1 Program Module Configuration 


The program module configuration for input pulse count is shown in 
Fig. 5.3. 


Main 
Program 


PLSCNT 


Convert 
Hexadecimals 
into BCD 


Count 
Pulses 





Fig. 5.3. Program Module Configuration 


5.2.2 Program Module Functions 


\ 


Program module functions are summarized in Table 5.2. 


Table 5.2. Program Module Functions 





No. Program Module Name Label Function 
6) Main Program PLSMN Counts input pulses as a BCD numbers 
1 Count Pulses PLSCNT Obtains input pulse number by TCB 
value 
2 Convert Hexadecimals HEX Converts 1l-byte hexadecimal number 
into BCD into BCD number. Refer to HEX in 


HMCS400 Series Application Note 
(Software Edition) for details 
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5.2.3 Program Module Process Flow (Main Program) 


The flowchart in Fig. 5.4 is an example of counting input pulses, 


performed by the program module in Fig. 5.3. 


Seas [ Initialize W register 

---—- t Select R33/INT] as INT] 

Sa Boe [ Store start Flag in STRTF (RAM) 

} puscnt | ssieatententen | Execute PLSCNT to count input pulse 


—-—--- Execute 200ms software timer 





Fig. 5.4. Program Module Flowchart 
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0-0, STRTF | ctear start Flag for input pulse count 


| PLSCNT | Execute PLSCNT and stop counting pulse 
A~HEXDAI1 


Load input pulse count result into entry 
argument HEXDA(RAM) of subroutine HEX 


A>HEXDA2 
$ 0>HEXDA8 
$0>HEXDA4 


Load $0 into entry argument HEXDA3, 
HEXDA4 (RAM) which do not use HEX 


Call HEX to convert hexadecimal count 
result into a BCD number. 


Refer to HEX in HMCS400 Series Application 
Note (Software Edition) for details 





Fig. 5.4. Program Module Flowchart (cont) 
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5.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: COUNT PULSES 


MCU: HMCS402C/ Label: PLSCNT 
HMCS404C/HMCS408C 





Function: 


Counts pulses input from INT, pin, and loads count result into Accumulator, and 
B register. 


Arguments: h i i fi : 
g 1 digit = 4 bits Changes in CPU Specifications 


Storage No. of Registers and Flags: 1 word = 10 bits 


tents ; Bteus 
Beene Location Digits 


ROM (Words): 16 
Start/stop STRTITF al 2 : 
request (RAM) RAM (Digits): 


So E- (cee een on eT aE NE ee eee ae Xx Stack (Digits): 0 
No. of cycles: 13 


Entry 


Reentrant: No 
Relocatable: No 


Interrupt OK?: No 
Set TCB 
Re- 
turns value 


Not Affected 
Undefined 
Result 


Description: 160 Pulse 


Cer ienor: at | 
1. Function Details | | | | 
@ Input n ‘eae 
[0] 


(1) Argument details 
pulse 


STRTF (RAM): Holds flag indicating 


whether input pulse STRTF STRTF 
count will start or ($01) ($00) 
stop. Table 5.3 shows 


B A 

flag functions. @) Return 

’ argument = 

A.B: Contains input pulse count . 
result as a l1-byte 


hexadecimal number. 5.5. Example of PLSCNT 
Execution 


Specifications Notes: 
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Program Module Name: CoUNT PULSES 





MCU: HMCS402C/ Label: PLSCNT 


HMCS404C/HMCS408C 





Description: 


Table 5.3. Flag Function 


Label Bit O Function 





STRTF 0 Ends pulse count 


L Start pulse count 





(2) Example of PLSCNT execution is shown in Fig. 5.5. 
If 160 pulse is inputted by INT] pin as shown in port @ of Fig. 5.5, 
loads measurement result into Accumulator, B register as shown in port Q) 
of Fig. 5.5% , | 


(3) PLSCNT calls neither the program modules nor subroutines. 


2. User Notes 


The following procedure must be performed before PLSCNT execution. 
(1) Counts input pulse up to 255 pulses by using TCB. 
(2) Sets R33/INT, as INT] before using module PLSCNT. 


(3) Sets STRTF to indicate the start and end of pulse counting. 


3. RAM Allocation 


I 
eS hi poe 


l 
| | 


! i | 
petri bites. Sa a ak a cecanr cn 





Fig. 5.6. RAM Allocation 


Label RAM Description 
| b3 bO , 
Z Flag indicating whether input pulse 
STRTF Uy oe 9 pur P 
/) will start or stop 
MD( $020) 
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Program Module Name: COUNT PULSES MCU: HMCS402C/ Label: PLSCNT 


HMCS404C/ HMCS408C 





Description: 
4. Sample Application 


Allocate RAM area for pulse count result 


WORK EQU oe aN cc in Hexadecimal 
WO RK 2 EQU $031 
LMID $8, PMR «+ Select R33/INT, as INT) 
LMID $1, STRTF °---- Store Flag indicating start of pulse count 
| CALL PLSCNT | Segre Call PLSCNT and start pulse count 
REMD 0, STRTF = e+e Clear flag indicating end of pulse count 


| CALL PLSCNT | acne Call PLSCNT and end pulse count 


Store Hexadecimal pulse count in return 


LMAD WORK1 — ¢ cre 

argument into RAM area 
LAB 
LMAD WORK 2 


5. Basic Operation 


(1) TCB (timer/event counter) is initialized by writing $00 into TCR 
(timer/load register). 


(2) TCB counts up so that at the point of ending pulse count, reading TCB 
will enable determination of the pulse count. 
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Program Module Name: COUNT PULSES MCU: HMCS402C/ Label: ptrSCNT 
HMCS404C/HMCS408C 















Flowchart: 
PLSCNT 
PLSCNT 
STRTF=1 
PLSCT1 


STRTF=0 


------| set as event input from INT, pin 


aa oe timer load register 
into B register 


| upper digit of timer/event counter 


----+ Load lower digit of timer/event counter 
into Accumulator 


PLSCT2 
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5.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


5.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 010 0000 LLEN 132 

00002 TITLE INPUT PULSE COUNT 

00003 * 

00004 HOOK RAM ALLOCATION YOROIOI IOI OIOR OOOO IO IO IOI HOR RII IORI IOI IC ICOICICKOK 

00005 * 

00006 STRTF EQU $020 START/STOP REQUEST FLAG 

00007 HEXDA1L EQU $04A HEXADECIMAL DATA (1-DIGIT) 

00008 HEXDA2 EQU $04B HEXADECIMAL DATA ¢2-DIGIT) 

00009 HEXDA3 EQU $046C HEXADECIMAL DATA ¢3-DIGIT) 

00010 HE XDAS EQU $040 HEXADECIMAL DATA (4-DIGIT) 

00011 XHEXD EQU $4 HEXADECMAL AND BCD DATA ADDR(X) 

00012 YHHEX EQU SA 2-BYTE HEXADECIMAL DATA LSD ADDRCY) 

00013 YHDEC EQU $2 S-DIGIT BCD DATA LSO ADDRCY) 

00014 BAHEX EQU $E 2-BYTE HEXADECIMAL DATA MSO ADDORCY) +1 

ne: BADEC EQU $7 S-DIGIT BCD DATA MSD ADORC(Y)+1 
16 * 

00017 WORK OK SYMBOL DEFINITIONS OIOIIOI OO IOI IO IOI IOI IO OOK IOIOIOK IOIOK KCK 

00018 * 

00019 PMR EQU $004 PORT MODE REGISTER 

00020 T™™B EQU $009 TIMER MODE REGISTER 

00021 TCBL EQU $00A TIMER/EVENT COUNTER B (LOWER) 

00022 TCBU EQU $008 TIMER/EVENT COUNTER B (UPPER) 

00023 TLRL EQU $00A TIMER LOAD REGISTER CLOWER) 

00024 TLRU EQU $008 TIMER LOAD REGISTER CUPPER)D 

0002S OOOO IORIOR IOI OO I JIOOR OR IORICIOIO IOI IOI OK IOI IOI OO I IOI IO IO IOI AOIOKOICOK 

00026 * * 

00027 * VECTOR ADDRESSES * 

00028 * * 

00029 OOO OK OR OOIOIOI OR IOI IOIOR ICICI OR IOIOIOI I IGIOR IORI OI OIRO NOR IORI OR KOR IORI IC IOI HOI 1 kK IOHOK 

00030 * 

00031 ORG $0000 

00032 * : 

00033 150 010 0000 JMPL PLSMN RESET 

00034 150 010 0002 JMPL PLSMN INTO 

00035 150 010 0004 JMPL PLSMN INT1 

00036 150 010 0006 JMPL PLSMN TIMER-A 

00037 150 010 0008 JMPL PLSMN TIMER-B 

00038 * 

00039 ORG $000C 

00040 »* 

00041 150 010 O00C JMPL PLSMN SERIAL 

00042 OOOO IOC OOIGOIGOOOIOOORO OOOO RIOR ORO OOO IOIOI IO IOI IIOK IOI IC 

00043 * * 

00044 * MAIN PROGURAM : PLSMN * 

00045 * * 

00046 OOOO OOOIOIOR OR OOK OIC IORI IO IO OOOO IOI OR IOI IOIOR OR IOR OK FOR IO IOI OI FOR FOR IOKIOK 

00047 * 

00048 ORG $0010 

00049 * 

000S0 OFO 0010 PLSMN LWI $0 INITIALIZE W REGISTER 

00051 1A8 004 0011 LMID $8,PMR SELECT INT1 

00052 1A1 020 0013 LMID $1,STRTIF SET START FLAG 

00053 160 036 0015 CALL PLSCNT START TO COUNT PULSE 

00054 20F 0017 LBI 15 EXECUTE 200MS SOFTWARE TIMER 

oooss 23F 0018 PLSMN1 LAI 15 

00056 21F 0019 PLSMN2 EYL 15 

00057 002 001A PLSMNS XSPY 
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00058 218 0018 LYI 8 


000S9 OOF 001C PLSMNG DY 

00060 31C 0010 BRS PLSMNG 

00061 002 OO1E XSPY 

00062 000 OO1F NOP 

00063 ODF 0020 DY 

00064 31A 0021 BRS PLSMN3 

00065 28F ~ 0022 Al 1S 

00066 319 0023 BRS PLSMN2 

00067 OCF 0024 DB 

00068 318 0025 BRS PLSMN1 

00069 188 020 0026 REMD 0.STRTF CLEAR START FLAG 

00070 160 036 0028 CALL PLSCNT STOP COUNTING PULSE 

00071 194 046A 002A LMAD HEXDA1 \ LOAD HEX ENTRY ARGUMENT 

00072 048 002C LAB 

00073 194 048 0020 LMAD HEXDA2 B REGISTER ---> HEX.DATA AREA 2 

00074 1A0 04C O02F LMID $0.HEXDA3 CLEAR UNUSED HEX.DATA AREA 3 

00075 1A0 040 0031 LMID $0.HEXDAG CLEAR UNUSED HEX.DATA AREA 4 

00076 160 047 0033 CALL HEX 

00077 335 0035S PENO BRS PEND 

00078 OOOO ORO ICO IO IOI IGOR OOOO IO IOI IO IOIOKIOIOK OK IOI IOK TOR IOI OK I IOK KOK OK 

00079 * * 

00080 * NAME : PLSCNT CCOUNT PULSE) * 

00081 * x 

00082 OOOO OOOO IOI GIORGIO OO COI OOOO IOI IOK IOIOK KOK IKK KOK 

00083 * * 

00084 ENTRY : STRTF CSTART/STOP REQUEST FLAG) * 

aecae * RETURNS : ACCUMULATOR A.B REGISTER ¢2'S COMPLEMENT OF TCB)x 
86 * a 

00087 OOOO OOOO OIOOOOOR OOOO IGORIOGIO IOIOK OO III I HIOK A OK HOOK 

00088 18C 020 0036 PLSCNT TMD 0.STRTF TEST START FLAG 

00089 340 0038 BRS PLSCT1 

00090 190 008 0039 LAMD TCBU LOAD UPPER DIGIT OF TIMER/EVENT COUNTER 

00091 0c8 0038 LBA -INTO B REGISTER 

00092 190 O0OA O03C LAMD TCBL LOAD LOWER DIGIT OF TIMER/EVENT COUNTER INTO A 

00093 150 046 OO3E JMPL PLSCT2 

00094 1A? 009 0040 PLSCT1 LMID $7, TMB SET EVENT INPUT 

00095 1A0 OOA 0042 LMID $0. TLRL CLEAR TIMER LOAD REGISTER 

00096 1A0 00B 0044 LMID $0, TLRU 

00097 010 0046 PLSCT2 RTN 

00098 FORO OOK OOOO OOO ORO OOO ORO OO OOO OOO OR KIO IOOIOK OK IOK IOI OIOK IOI IK IK 

00099 * x 

00100 * NAME : HEX (CONVERT 2-BYTE HEXADECIMAL INTO S-DIGIT BCD)» 

00101 x * 

00102 FORO IOC OOO OOO OOOO OOK ORO OOOO IORI IO IK IOI HOK KOK 

00103 * * 

00104 > ENTRY : MDC$04D-$04A) ¢€2-BYTE HEXADECIMAL DATA) * 

0010S * RETURNS : MD¢$046-$042) (¢S-DIGIT BCD DATA) * 

00106 * . * 

00107 OOOIOI OOOO ORI ICOR IO IO IOI OR IOOIOOOIOOIGOOOOOO IK IORI IOI ICO ICI OOK 

00108 224 0047 HEX LXI XHEXD LOAD HEXADECIMAL ADDRCX) 

00109 212 0048 LYI YHDEC LOAD BCD DATA ADDRCY) 

00110 290 0049 HEX] LMIIY $0 CLEAR BCD DATA ADDRCY) 

00111 O77 004A YNET BADEC 

00112 349 0048 BRS HEX1 

00113 20F 0046C LBI $F LOAD SHIFT COUNTER 

00114 21A 0040 HEX2 LYI YHHEX LOAD HEXADECIMAL DATA ADDRCY) 
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00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
0012S 
00126 
00127 
00128 
00129 
00130 
00131 





090 
OA1 
oso 
O7E 
34E 
212 
090 
OA1 
OAS6 
0S0 
077 
354 
OCF 
340 
010 


004E 
004F 
00S0 
0051 
0052 
00S3 
0054 
00SS 
0056 
0057 
0058 
0059 
OOSA 
00SB 
oosc 





HEX3 


HEX4 


LAM 
ROTL 
LMAILY 
YNEI 
BRS 
LY. 
LAM 
ROTL 
DAA 
LMALY 
YNEI 
BRS 


BRS 
RTN 


END 


BAHE X 
HEX3 
YHOEC 


BADEC 
HEX4 


HEX2 





SHIFT HEXADECIMAL DATA 1-BIT LEFT 


LOAD BCD DATA LSO ADDR CY) 
BCD DATA AREA *2+CA->ACCA 


CONVERT INTO BCD DATA 7 
LOAD DECIMAL DATA 


TEST IF CONVERSION IS COMPLETED 


DECREMENT SHIFT COUNTER 
LOOP UNTIL SHIFT COUNTER = $F 
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SECTION 6. KEY MATRIX (8 x 4) 
6.1 HARDWARE DESCRIPTION 


6.1.1 Function 


Performs key scan of 8 X 4 key matrix, invalidating simultaneous 
depression of more than 2 keys by software, and converting valid key 


data into ASCII characters (A - Z or 1 - 6). 


6.1.2 Microcomputer Operation 


The HMCS404C uses timer B to execute timer/event counter every 8 ms. 
Key scan is performed by an output strobe signal through port D during 


the interrupt routine and key scan data is fetched through port R. 


6.1.3 Peripheral Devices 


8 x 4 Key matrix : Keys to be depressed. 


6.1.4 Circuit Diagram 





Key scan control circuit is shown in Fig. 6.1. 


MCU 
HMCS404C 
HMCS408C 


182076 
HD74HC14 


KCO| KC1i | KC2| KC3| KC4| KC5 | KC6 |KC7 





Fig. 6.1. Key Scan Control Circuit 


110 HITACHI 


6.1.5 Pin Functions 


Pin functions at the interface between the HMCS404C and the key 


matrix are shown in Table 6.1. 


Table 6.1. Pin Functions 








Pin Name Input/ Active Level Pin Name 
(HMCS404C) Output (High or Low) Function (Key matrix) 
D3 Output Low Outputs strobe KR3 
Signal 

D> Output Low KR9 
Dy Output Low KR} 
Do Output Low KRo 
Rso TADUT- sates Inputs key KCo 
= data 

Rs Input pommiees KC} 
R53 Input <a KC3 
Rg Input —__— KC4 
Rg] Input —— KCs 


R92 Input — KC¢ 


Ro3 Input — KC7 





6.1.6 Hardware Operation 


The timing chart for key scan is shown in Fig. 6.2. 


OFF 


Key depression 
signal 


Key fetch @ First key data 
timing (2) Second key data 


(Timer interrupt) ©) 
Third key data 
ON 


Key data 
valid timing 





Key data is 
valid 





Fig. 6.2. Chatter Prevention Timing 


Key depression signal is checked every 8 ms. If key data is the same 


3 consecutive times, it is considered valid, and invalid otherwise. 
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6.2 SOFTWARE DESCRIPTION 


6.2.1 Program Module Configuration 


The program module configuration for key scan of 8 x 4 key matrix is 


shown in Fig. 6.3. 


Main Program. 


K84SCN 


Key Scan 





Fig. 6.3. Program Module Configuration 


6.2.2 Program Module Functions 


Program module functions are summarized in Table 6.2. 


Table 6.2. Program Module Functions 


No. Program Module Name Label Function 





O Main Program K84MN Performs key scan of 8x4 key matrix 
and converts. key data into ASCII 





1 Key Scan K84SCN Performs key scan of 8x4 key 
ee matrix 
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6.2.3 Program Module Process Flow (Main Program) 


The Flowchart in Fig. 6.4 is an example of a key scan of the 8X4 key 


matrix performed by the program module in Fig. 6.3. 


Main Program 


Initialize W register 


$0-OLDKYU 


$0 -OLDKYL Clear RAM used by K84SCN 


0-0, KEYONF 


Select auto-reload function and select 
Prescaler Divide Ratio as + 512 


$8 -~ TLRL 


Select timer interrupt cycle to 8 ms 


Clear timer B interrupt request flag 


0 —- IMTB aan Clear timer B interrupt mask 


1-7 IE& ----} snapie interrupt 


8 4.MN1 


-—---| Test if key is depressed 


» KEYONF 
K84MN2 =] 


( 


0-0, KEYONF Clear flag to indicate key is depressed 





Fig. 6.4. Program Module Sample Application 
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[serene 
Execute pattern instruction for storing 
ASCII corresponding to depressed key data 


K84SCN Timer interrupt routine 


K84SCN 


KEY SCAN ----1 Execute K84SCN to perform key scan 
RTNI 





Fig. 6.4. Program Module Sample Application (Cont) 
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6.3 PROGRAM MODULE DESCRIPTION 


MCU: HMCS402C/ Label: K84SCN 
HMCS404C/HMCS408C 


Program Module Name: KEY SCAN 





Function: 


Performs key scan of 8x4 key matrix to store key data in KEYDTU(RAM) and 
KEYDTL (RAM) . 


Arguments: ro h es in Specifications: 
g 1 digit = 4 bits Chang CPU pecifi ion 


Storage No. of Registers and Flags: 1 word = 10 bits 


Contents Location Digits 


ROM (Words): 141 
Entry RAM (Digits): 13 
Stack (Digits): 0 
No. of cycles: 1870 
Reentrant: No 
Relocatable: No 


Interrupt OK?: No 
Key data 


Key data 
valid/ 
invalid 
flag Not Affected 
Undefined 
Result 


Description: 
l. Function Details 
(1) Argument details 
KEYDTU (RAM): Stores upper digit of key data 
KEYDTL (RAM): Stores lower digit of key data 


KEYONF (RAM): Contains Flag indicating whether or not key data is valid. 


Specifications Notes: 


The number of cycles indicate is that necessary to validate key data. 
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MCU: HMCS402C/ 


Label: K84SCN 


Program Module Name: 


KEY SCAN 
HMCS404C/HMCS408C 





Description: 
Table 6.3. Flag Function 
Label bit O Function 





KEYONF 0 Indicates key data is invalid 





1 Indicates key data is valid 





(2) Example of K84SCN execution is 


shown in Fig. 6.5. 


of Fig. 6.5 , key data is 
stored in KEYDTU(RAM) and 
KEYDTL (RAM) . 


If a key 
is pressed as shown in part ® 


Key "D" is pressed 
(in Fig. 6.1 of 
key scan control 
circuit) 


@) Depress the key 


(3) K84SCN calls neither the program 


modules nor subroutines. 
KEYDTU KEYDTL 


KEYDTU( RAM) 
xevoriinas |_9 4, # 
($05F,$05E) 


KEYONF ( RAM) 
(0,$05D) 


2. User Notes 
® Return 
The following procedure must be argument 
performed before K84SCN execution. 


KEYONF 
Eee an 


Example of K84SCN 
Execution 


(1) Initializes timer control/ 


status register B. Fig. 6.5. 


(2) Sets IE to enable timer B 
interrupt. 


3. RAM Allocation 


ler! Cenc Ree b-—---! 


I 
| 
! ' 
| | 





Fig. 6.6. RAM Allocation 
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Program Module Name: KEY SCAN MCU: HMCS402C/ Label: K84SCN 


HMCS404C/HMCS408C 











Description: 
Label RAM Description 
b3 bO 
KEYONF | | | Flag indicating whether or not key data 
is valid 
MD($05D) 
b3 bO 
KEYNMU (AMI Upper digit for storing key number 
MD($05C) 
D3 bO 
KEYNML HMI Lower digit for storing key number 
MD($05B) 
b3 bO. 
TOTLKY Se Stores total number of pressed keys 
in the present key scan 
MD($05A) 
/-b3 bO 
NEWKYU Wy Upper digit for storing current key 
Y data input 
MD($059) 
b3 bO 
YY Lower digit for storing current key 
NEWKYL Wr data input 
MD( $058) 
OLDKYU Upper digit for storing previous key 
data input 
OLDKYL Lower digit for storing previous key 


data input 
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Program Module Name: KEY SCAN MCU: HMCS402C/ Label: K84SCN 


HMCS404C/HMCS408C 


























Description: 
Label Description 
b3 bO 
PRDATU WV Stores depressed key data (RQ) 
SN 
MD( $055) 
b3 bO 
N 
PRDATL NWNG Stores depressed key data (R7) 
SN 
MD ($054) 
b3 bO 
CHATFL Bit 0, 1: Stores counter for counting 
number of key scan data 
MD ($053) comparison 
Bit 3: Stores flag for indicating 
whether chatter elimination has 
been completed 
b3 bO 
KEYDTU sees Upper digit for storing defined key 
ROS number by key scan 
MD ($05F) 
b3 bO 
etatareteceets Lower digit for storing defined ke 
KEYDTL Sees : : x 


number by key scan 
MD($05E) 
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Program Module Name: 


Description: 


4. 





Sample Application 


LMID 


KEY SCAN 


MCU: HMCS402C/ 
HMCS404C/HMCS408C 


Label: K84SCN 


0, OLDKYU 
lay Clear RAM to be used 
LMID 0, OLDKYL 
REMD KEYONF 
LMID $9, TMB 
8 
PE? POE ones Select timer B interrupt cycle to 8 ms 
LMID $F, TLRU and enable timer B interrupt 
REMD IMTB 
SEMD IE 
K84MN1 TMD KEYONF 
paces Test if key is depressed 
BR K84MN1 
KEYONF sree Clear key depressed flag 


REMD 


5. Basic Operation 


beginning of K84SCN, 
to determine whether 


(1) Key scan is executed every 8 ms interrupt. At the 
key data valid/invalid flag KEYONF (RAM) is checked 
or not previous valid key data has been processed. 


(2) Strobe signal (=low) is output through bits 0-3 of port D, and key scan 
data is fetched through port R. 
(3) Key scan data fetched in (2) is tested whether or not it is $FF. 


(a) 
(b) 


If $FF, no key is depressed and key scan for next column is executed. 


If not $FF, some key is depressed and what row of depressed key is 
tested. 


(1) Accumulator, containing key scan data, is shifted 1 bit right 


8 times. CA is determined. If CA is 0O , it means a key is 
depressed. 

(ii) Key data is numbered from 1 to 32, based on position in 8x4 key 
matrix. Key data is stored in KEYNMU(RAM) and KEYNML (RAM). 

(iii) TOTLKY(RAM) is incremented every time a key is depressed to check 


for chatter. If TOTLKY(RAM) $ 1, key data is stored in 
NEWKYU (RAM) and NEWKYL(RAM). If TOTLKY(RAM) > 1, key scan is 
completed since it indicates two keys are pressed at the same 
time. 
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Program Module Name: xKFy SCAN MCU: HMCS402C/ Label: - K84SCN 


HMCS404C/HMCS408C 





Description: 


(4) Key data (NEWKYU(RAM) and NEWKYL(RAM)) obtained in (3) is compared with 
previous key data (OLDKYU(RAM) and OLDKYL(RAM)). If they are the same, 
chatter counter (CHATFL(RAM)) is counted up. When chatter counter 
becomes 3, key data is valid. If key data is valid, MSB of CHATFL (RAM) 
is set to 1 to indicate that key data is valid. CHATFL(RAM) includes 
both a counter and a flag. CHATFL(RAM) is cleared, when (NEWKYU (RAM) 
and NEWKYL(RAM)) data differs from (OLDKYU (RAM) and OLDKYL(RAM)) data 
or no key is depressed. 
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Program Module Name: KEY SCAN MCU: HMCS402C/ Label: K84SCN 


HMCS404C/HMCS408C 





Flowchart: 
K84SCN 
K84SCN 

0-—- IFTB ----| ciea timer B interrupt request flag 

A +> MR ($F) 

B?>MR($E) |---—-—| Save register 

0, KEYONF 
=I ____| Test if key data has been processed by 

main program 


0, KEYONF 


$1-KEYNML 


Initialize RAM for key number 


$0-KEYNMU 


: A 


Initialize RAM for number of depressed 
keys 


$ 0O-NEWKYU 


Initialize RAM for new key number 


$0 ->NEWKYL 


$0-TOTLKY —-— 


0 > Ds ----] outs strobe signal 


es K84SN1 


R9—>PRDATU 


Load key scan data 


R5—>PRDATL 


| 
| 
le 


PRDATU 
: PRDATL 


o= 







strobe signal is output 
PRDATU 


: PRDATL 
=$FF 


Oo-—-CA ----| crear CA 


a if a key is depressed every time 





starting key number 
KEYNMU+CA 


re If no key is depressed, store next 
> KEYNMU 
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Program Module Name: KEY SCAN MCU: HMCS402C/ Label: K84SCN 


HMCS404C/HMCS408C 





Flowchart: - 


K84SN2 
Initialize shift counter to test which 


ie ae key is depressed 


K845SN8 
PRDATU -A 


Shift A 
1 bit right 


Shift key scan data 1 bit right 


Shift A 
1 bie SIGht 
CA=1 
<test> —--—---+ Test if key is depressed 


CA=0 





Test if key chatter is generated. 
If so, complete key scan 


KEYNML-> 
NEWKYL 
Store depressed key number in RAM as 


key data 


—— ee es eee am 


B—-1—-B8 J|[----- | Decrement shift counter 


Test if all keys have been checked 
whether or not they are depressed 


| to 
Nv 
( 
° ; 
[a 


122 HITACHI 


MCU: HMCS402C/ Label: K84SCN 


Program Module Name: KEY SCAN 
HMCS404C/HMCS408C 





Flowchart: 


& K84SN5 


1—> D () Output next strobe signal 


H 

| 

| 
‘es 


1-Y SaaS Decrement Y register to execute key scan 
for next column 

Test if key scan for all columns have 

been completed 


ag 


Rar A 
| 
| 
fon epee tee ee ae 


NEWKYU: Y<0 
NEWKYL+0 
26 See ———-,4 Test if a key is depressed this time 
NEWKYU: 
K84SN6 N EWK YL=0 


store current key data in RAM for next 
key scan. 

Clear RAM indicating number of key 
scan | 


$ 0-CHATFL 


ME 


MR($D) > Y 
Restore register 


MR($E)*>B |---- 


MR($F) 7A 


R TN I 
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MCU: HMCS402C/ 
HMCS404C/HMCS408C 






Program Module Name: KEY SCAN. ~ Label: K84SCN 





Flowchart: 







NEWKYL _.._.__| Compare present key scan data with 
DS hee =OLDKYL previous key scan data 
| 
=OLDK YU 


Test if key data is valid 


ee Test if key scan has been executed 3 
times 


A#CMPNUM 


K8 4SN9 
CHATFL+ 1 _ Increment RAM indicating number of 
—CHATFL key scan 


Set flag to "1" to indicate key data 
is valid 


Store valid key number in return 


argument 
NEWKYU— 
KEYDT 


Set flag to "1" to indicate a key is 
depressed 
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6.4 SUBROUTINES 


This application example calls no subroutines. 


6.5 PROGRAM LISTING 


ST-NOQ OBJECT ADRS SOURCE STATEMENTS 


00001 010 0000 LLEN 132 

00002 * TITLE KEY MATRIX (¢8*4) 

00003 HOOK RAM ALLOCATION OIOIOIOIOOR RIOR IOI IOI IO OOK NOK HOR IOK IOIOK IK 

00004 * 

0000S KEYOTU EQU $OSF UPPER KEY DATA 

00006 KEYDTL EQU $OSE LOWER KEY DATA 

00007 KE YONF EGU 0.$050 KEY ON FLAG 

00008 KEYNMU EQU $OSC UPPER KEY NUMBER 

00009 KEYNML EQU $058 LOWER KEY NUMBER 

00010 TOTLKY EQU $O0SA TOTAL KEY ‘NUMBER 

00011 NEWKYU EQU $059 UPPER NEW KEY DATA 

00012 NEWKYL EQU $058 LOWER NEW KEY DATA 

00013 OLOKYU EQU $057 UPPER OLD KEY DATA 

00014 OLOKYL EQU $056 LOWER OLD KEY DATA 

00015 PRDATU EQU $0SS R9 PORT DATA 

00016 PRDATL EQU $054 RS PORT DATA 

aeOie CHATFL EQU $053 CHATTER CTR AND END FLAG 
18 * 

00019 WOHOHOK SYMBOL DEFINITIONS OOOO IOIOIOROK HOI IOI HOR HOOK HOR MOK IOK 

00020 * 

00021 TMB EQU $009 TIMER MODE REGISTER B 

00022 IFTB EQU 0. $002 IF OF TIMER B 

00023 IMTB EQU 1,$002 IM OF TIMER 8B 

00024 Te EQU 0, $000 INTERRUPT ENABLE FLAG 

00025 TLRU EQU $008 TLR UPPER 

00026 TLRL EQU $OO0A TLR LOWER 

00027 CMPNUM EQU $2 CHATTER NUMBER 

00028 FOOIOIOROIOOOIOR OOO IORI OO I IOIGIOR IO IOI IGOR IO IOI KIO OOK I OK OIOKIOK 

00029 * * 

00030 * VECTOR ADDRESSES * 

00031 * * 

00032 JCIOIOIOOIOIOIOIO OOOO OIG IORI OOK IOI IOI OKI IOR I IOI IK IOI IOKOK KKK KICK DK IK 

00033 * 

00034 ORG $0000 

00035 * 

00036 150 010 0000 JMPL K84MN RESET 

00037 150 010 0002 JMPL K84MN , INTO 

00038 150 010 0004 JMPL K84MN INT1 

00039 150 010 0006 JMPL K84MN TIMER-A 

000460. 150 036 0008 JMPL K84SCN TIMER-B 

00041 000 000A NOP 

00042 000 0008 NOP 

00043 150 010 0OOo0dc JMPL K84MN SERIAL 

00044 SOOO OOOO OOOO OOOO OO IO OI OK IK IOK IK IOKOK KOK KOK 

0004S * * 

00046 *K MAIN PROGRAM : K84MN * 

00047 * * 

000468 SOO IORI IOIOROR OIOIOICIOROOOR OIOIOIOR OO IORI OIOIOIORO IOI OOOO IO IOI OK IOI OK IOK IK IK 

00049 * 

000S0 ORG $0010 

000S1 * 

00052 OFO 0010 K84MN LWI $0 INITIALIZE W REGISTER 

00053 1A0 OS? 0011 LMIO 0,O0LOKYU INITIALIZE RAM 

00084 1A0 0S6 0013 LMID 0.O0LOKYL 

00055 188 0S0 OQO015 REMD KEYONF 

00056 1A9 009 0017 LMID $9, TMB INITIALIZE TMB 


00057 1A8 OOA 0019 LMID $8,TLRL INITIALIZE TLR 
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00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 
00110 
00111 
00112 
00113 
00114 


LAF 
188 
189 
184 
18C 
327 
323 
188 
190 
0cB8 
190 
1B1 
194 
048 
194 
150 


188 
2FF 
048 
2FE 
OAF 
2FOD 
18C 
3A2 
1Al 
1A0 
1A0 
1A0 
1A0 
213 
064 
259 
194 
255 
194 
12F 
365 
12F 
365 
OEC 
238 
118 
194 
230 
118 


008 
002 
002 
000 
OSD 


OSD 
OSF 
OSE 
OSE 


OSF 
034 


002 


OSD 
0SB 
osc 
OSA 


0S9 
0S8 


OSS 


054 
054 


oss 


0SB 
OSB 


Osc 
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0018 


0025S 
0026 
0027 
0029 
0028 
002C 
002E 
002F 
0031 
0032 
0034 


0036 
0038 
0039 
003A 
003B 
003C 
0030 
OO3F 
0040 
0042 
0044 
0046 
0048 
004A 
0048 
004C 
0040 
O04F 
0050 
0082 
0054 
00sS 
00S? 
0058 
0059 
OOSA 
0OSsCc 
OOSE 
OOSF 


LMID $F. TLRU ; 

REMD IFTB INITIALIZE IFTB 

REMD IMTB INITIALIZE IMTB 

SEMD Ie ENABLE INTERRUPT 
K84MN1 TMD KEYONF TEST IF KEY DEPRESSED 

BR K84MN2 

BR K84MN1 / 
K84MN2 REMD KEYONF CLEAR KEY ON FLAG 

LAMD KEYOTU LOAD KEY DATA 

LBA 

LAMD KEYOTL 

P $1 STORE ASCII CORRESPOND TO KEY DATA 

LMAD KEYDTL : 

LAB 

LMAD KEYOTU 
PEND JMPL PEND END OF PROGRAM 
OOOO OOO OOOO OOO COO IO III IOI OK HOKIOK 
* * 
* NAME : K84SCN (KEY SCAN) * 
* : * 
OOOO OOO OOO ORIOIOOIOOGIORI IO IO IO IOI IOI KI IORI NOK I KOK IK 1OKOK 
* i 

ENTRY : NOTHING 

RETURNS : KEYDTU CUPPER KEY DATA) 


KEYOTL (LOWER KEY DATA) 
KEYONF CINDICATES KEY ON) 


%¥ % % *¥ 
¥X ¥ XX * 


* 
SOOO ORO OIOIOIOR OI OIOIOIOIOIOIOI IO OIOIOICIOIOIOR OR OK OROIOIOR OOK OIOIOK IOIOK OK OIOROR HOR KOK OK 


K84SCN REMD 
XMRA 
LAB 
XMRA 
LAY 
XMRA 
TMO 
BR 
LMIO 
LMID 
LMID 
LMID 
LMID 
LYI 
RED 
LAR 
LMAD 
LAR 
LMAD 
INEMD 
BRS 
INEMD 
BRS 
REC 
LAT 
AMCD 
LMAD 

_ LAI 
AMCD 


K84SN1 


IFTB 
$F 


SE 


$D 
KEYONF 


K84SN? 


$1, KEYNML 
$0. KEYNMU 
$0, TOTLKY 
$0, NEWKYU 
$0.NEWKYL 
$3 


$9 
PRDATU 


— $5 


PRDATL 
$F. PRDATL 
K84SN2 
$F.PRDATU 
K8B4SN2 


$8 
KEYNML 
KEYNML 
$0 
KEYNMU 


CLEAR TIMER B INTERRUPT REQUEST BIT 
SAVE REGISTER 


TEST IF KEY DATA PROCESSED IM MAIN PROGRAM 


INITIALIZE KEY NUMBER (L? 
INITIALIZE KEY NUMBER (U) 
INITIALIZE TOTAL KEY NUMBER 
INITIALIZE CURRENT KEYCU) 
INITIALIZE CURRENT KEY<L) 
OUTPUT STROBE SIGNAL 


LOAD RY PORT DATACL) 
LOAD RS PORT DATACU) 


TEST IF KEY IS PRESSED 


CLEAR CARRY . 
STORE NEXT KEY NUMBER 


00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
00147 
00148 
00149 
00150 
00151 
001S2 
00153 
00154 
00155 
00156 
001S7 
00158 
00159 
00160 
00161 
00162 
00163 
00164 
00165 
00166 
00167 
00168 
00169 
00170 
00171 


194 
150 
207 
190 
OAD 
194 
190 
OAO 
194 
O6F 
382 
231 
108 
194 
132 
3A2 
190 
194 
190 
194 
OEC 
Zol 
118 
194 
230 
118 
194 
OCF 
366 
OE4 
OOF 
34B 
120 
3A8 
120 
3A8 
190 
194 
190 
194 
1A0 
27D 
008 
27E 
0cs 
ag d a 
011 
190 
104 
398 
190 
104 
398 
18F 
3A2 
aat 
19C 


Osc 
O8F 


OSS 


OSS 
054 


054 


OSA 
OSA 
OSA 


OSB 
058 
Osc 
059 


058 
OSB 


osc 
OSc 


0S9 
0S8 
058 
056 
O59 


0S? 
0S3 


058 
056 


059 
057 


0S3 


053 


0061 
0063 
0065 
0066 
0068 
0069 
0068 
006D 
QO6E 
0070 
0071 
0072 
0073 
0075 
007? 
0079 
007A 
007C 
OO7E 
0080 
0082 
0083 
0084 
0086 
0088 
0089 
0088 
0080 
OO8E 
OO8F 
0090 
0091 
0092 
0094 
0095 
0097 
0098 
OO9A 
O09C 
OO9E 
OOAOD 
OOA2 
OOA3 
OOA4 
OOAS 
OOA6 
OOA? 
O0A8 
OOAA 
OOAC 
OOAD 
OOAF 
0081 
00B2 
00B4 
OO0BS 
00B6 


K84SN2 
K84SN3 


KB4SN4 


K84SNS 


K84SN6 


K84SN7 


K84SN8 


LMAD 
JMPL 
LBI 
LAMD 
ROTR 
LMAD 
LAMD 
ROTR 
LMAD 
TC 
BRS 
LAT 
AMD 
LMAD 
ILEMD 
BRS 
LAMD 
LMAD 
LAMD 
LMAD 
REC 
LAI 
AMCD 
LMAD 
LAI 
AMCD 
LMAD 
DB 
BRS 
SED 
DY 
BRS 
INEMD 
BRS 
INEMD 
BRS 
LAMD 
LMAD 
LAMO 
LMAD 
LMID 
LAMR 
LYA 
LAMR 
LBA 
LAMR 
RTNI 
LAMD 
ANEMD 
BRS 
LAMD 
ANEMD 
BRS 
TMD 
BRS 
LAI 
ANMD 


KEYNMU 
K84SNS 
$7 

PRDATU 


PRDATU 
PRDATL 


PRDATL 


K84SN4 

$1 

TOTLKY 
TOTLKY 
$2. TOTLKY 
K84SN7 
KEYNML 
NEWKYL 
KEYNMU 
NEWKYU 


$1 
KEYNML 
KEYNML 
$0 
KEYNMU 
KE YNMU 


KB4SN3 


K84SN1 
O.NEWKYU 
K84SN8 
0. NEWKYL 
K84SN8 
NEWKYL 
OLDKYL 
NEWKYU 
OLDKYU 
$0. CHATFL 
$D 


$E 
$F 


NEWKYL 
OLDKYL 
K84SN6 
NEWKYU 
OLOKYU 
KB4SN6 
3. CHATFL 
K84SN? 
$7 
CHATFL 


INITIALIZE SHIFT COUNTER 
TEST IF KEY IS PRESSED 


TEST CARRY 
INCREMENT TOTAL KEY NUMBER 


CHECK KEY CHATTER GENERATION 
STORE KEY DATA IN NEWKEY (L) 
STORE KEY DATA IN NEWKEY (UD 


CLEAR CARRY 
INCREMENT KEY NUMBER 


DECREMENT SHIFT COUNTER 
TEST. Th -BITS. SHIFTED 

SET DPORT 

OUTPUT NEXT STROBE STGNAL 
TEST IF SCAN ALL COMPLETED 


TEST IF NEW KEY IS PRESSED 


STORE NEWKEY IN OLDKEY (L> 
STORE NEWKEY IN OLDKEY (UD 


CLEAR CHATTER COUNTER 
RESTORE REGISTER 


NEWKEY = OLDKEY ? (L) 


NEWKEY = OLDKEY 7? (UD) 
TEST IF KEY DATA IS VALIO 


TEST IF KEY SCAN EXECUTED 3 TIMES 
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00172 
00173 
00174 
00175 
00176 
00177 
00178 
00179 
00180 
00181 
00182 
00183 
00184 
00185 
00186 
00187 
00188 
00189 
00190 
00191 
00192 
00193 
00194 
00195 
00196 
00197 
00198 
00199 
00200 
00201 
00202 
00203 
00204 
00205 
00206 
00207 
00208 
00209 
00210 
00211 
00212 
00213 
00214 
00215 
00216 
00217 
00218 
00219 
00220 
00221 
00222 
00223 
00224 
00225 
00226 


2B2 
3C8 
187 
190 
194 
190 
194 
184 
150 
231 
108 
194 
150 


141 
142 
143 
144 
145 
146 
147 
148 
149 
14A 
14B 
14C 
140 
14E 
14F 
150 
151 
152 
153 
154 
iss 
156 
187 
158 
159 
1SA 
Es) 
132 
133 
134 
135 
136 


0S3 
0S8 
OSE 
OS9 
OSF 
OSD 
OA2 


053 
053 
OA2 
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0088 
00B9 
0OBA 
OOBC 
OOBE 
00CcO 
00C2 
00c4 
00C6 
00Cc8 
00C9 
OOCB 
0OCD 


0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
010A 
0108 
010C 
0100 
010E 
O10F 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
0118 
0119 
011A 
0118 
011C 
0110 
OLIE 
O11F 
0120 


KB4SN9 


* 
*” 
« 
x 


* 


ALETI 
BRS 

SEMO 
LAMD 
LMAD 
LAMD 
LMAD 
SEMD 
JMPL 
LAT 

AMD 

LMAD 
JMPL. 


- DATA TABLE 


ORG 


CMPNUM 
K84SN9 
3.CHATFL 
NEWKYL 
KEYOTL 
NEWKYU 
KEYOTU 
KEYONF 
KB4SN7 
$1 
CHATFL 
CHATFL 
K84SN7 


SOOO IORI IOOIOR IOOIOR IORI IOIOOR OR IO IOK OK OR IO HOOK KOIOK KOK KCK HOK OK 


$0101 


$141 
$142 
$143 
$144 
$145 
$146 
$147 
$148 
$149 
$14A 
$148 
$14C 
$140 
$14E 
$14F 
$150 
$151 
$152 
$153 
$154 
$155 
$156 
$157 
$158 
$159 
$15A 
$131 
$132 
$133 
$134 
$135 
$136 


SET CHATTER FLAG 
STORE NEWKEY IN KEYDATA (LD 


STORE NEWKEY IN KEYDATA ¢(U) 
SET KEY DATA VALID FLAG 
INCREMENT CHATTER COUNTER 


* 
* 
* 


FOO OOO OO IO IOIOOIORKOIOIOIOIOK IORIOIOOIOOR IO OR IOI OI OOOO OR HORII OK HOOK HOOK IOK IK 


SECTION 7. FLUORESCENT DISPLAY TUBE CONTROL 


7.1 HARDWARE DESCRIPTION 


Folied 


7.1.4 





Function 


Displays "76543210" on fluorescent display tube by control signals 
from the HMCS404C. 


Microcomputer Operation 


HMCS404C utilizes a timer/event counter every 7 ms with timer B to 


output segment data through port R and digit data through port D. 


Peripheral Devices 


Fluorescent Display is driven dynamically at a frame frequency of 


100 Hz and duty rate of 1/8. 


Circuit Diagram 


8-segment X 8-digit fluorescent display control circuit is shown in 


Pig. Jia 


| MCU 
«sys: HMCS404c 


HMCS402C Fluorescent Display 
HMCS408C (8seg. X 8dig.) 


DIG8 | DIG2 |DIG1 


182076 
HD74HC14 
i>e De ("ees 


22pF 


4MHz CJ Me . 


22pF 





Fig. 7.1. Control for 8-segment x 8-digit Fluorescent Display Tube 
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7.1.5 Pin Functions 


Pin functions at the interface between the HMCS404C and fluorescent 


display tube are shown in Table 7.1. 


Table 7.1. Pin Functions 











Active 
Level Pin Name 
Pin Name Input/ (High or (Fluorescent 
(HMCS404C) Output Low) Function display) 
Dg Output High Outputs digit data to DIGL 
Dg Output High fluorescent display tube DIG2 
Dio Output High DIG3 
Dil Output High DIG4 
D> Output High DIG5 
Dj3 Output High DIG6 
Dig Output High DIG7 
D15 Output High DIG8 
R10 Output High Outputs segment data to d 
©. FL Luorescent display tube. 
Fa le het "a-h" in Pin Name : 
R12 Output High (Fluorescent display) bo 
correspond to segment ~ 
ae eoleee. Age pattern below i 
R20 Output High me h 
; f g b 
Ra output igh a 
R22 Output High 3 J J: £ 
Se eee ee eg ae @h St ee ee a 
R23 Output High Segment Pattern © 
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7.1.6 Hardware Operation 


Fluorescent display tube timing at frame frequency 100 Hz, duty 1/8 


is shown in Fig. 7.2. 


Segment 


Signal 
Dis Die Di 


Digit signal 


| 
Digit 10° oN 


Digit 10° Digit 10’ 





Fig. 7.2. Timing of Segment Signal and Digit Signal 
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7.2 SOFTWARE DESCRIPTION 


7.2.1 Program Module Configuration 





Program module configuration for display on 8-segmentx8-digit 


fluorescent display tube is shown in Fig. 7.3. 


Main Program 


Fluorescent 
Display Tube 





| Fig. 7.3. Program Module Configuration 


7.2.2 Program Module Functions 


Program module functions are summarized in Table 7.2. 


Table 7.2. Program Module Functions 


No. Program Module Name Label Function 
a ccc mappa cee caer asia 
0 Main Program FLMN Demonstrates display on 

fluorescent display tube 


1 Drive Fluorescent FLDSP Displays digits on fluorescent 
Display Tube display tube using dynamic drive 
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Program Module Process Flow (Main Program) 


The flowchart in Fig. 7.4. is an example of the 8-segment x 8-digit. 
Fluorescent display tube display performed by the program modules in 
Fig. 7.3. display example is shown in Fig. 7.5. 


Main program 

Sa Initialize W register 

-—---—- | anseiarice counter for digit output 
----- | serect Prescaler Divide Ratio as + 32 
SSS Clear interrupt request mask flag 
a | Enabie interrupts 


PEND 


Transfer segment data from data table to 
display RAM 


Timer B interrupt routine 






FLDSP 


Drive 
Fluorescent 
Display Tube 






-—--| Display digit on fluorescent display tube 
using dynamic drive 


Fig. 7.4. Program Module Flowchart 
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TESHSeL 





Fig. 7.5. Example of 8-segment < 8-digit Fluorescent Display 
Tube Display 
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7.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: 
Drive Fluorescent Display Tube 


Function: 
8-digit. 


Arguments: wars ; 
oo ye ee 1 digit = 4 bits 


Storage No. of 


Contents Location Digits 


DRAM 8 
(RAM) 


Display 


a data 


Description: 


1. Function Details 
(1) Argument details 
DRAM(RAM): Holds display data 
for each digit. 


Fig. 7.6 shows an example of 
program module FLDSP execu- 
tion. If entry argument is 
held as shown in part @ of 
Fig. 7.6 fluorescent displays 
as shown in part @ of 

Fig: -736. 


Specifications Notes: 





MCU: HMCS402C/ 


Changes in CPU 


Registers and Flags: 


@ 
x 


‘ 


Label: FLDSP 


HMCS404C/HMCS408C 


Drives dynamically fluorescent display tube consisting of 8-segment x 


Specifications: 
1 word = 10 bits 

ROM (Words): 38 

RAM (Digits): 9 

Stack (Digits): 0O 

of cycles: 


No. Al 


Reentrant: No 
Relocatable: No 


Interrupt OK?: No 


Not Affected 
Undefined 
Result 


Entry argument 


Display data (76543210) 


wo oae-soue) HE|S|4{3|eI (0 


Pattern 
instruction 


Fluorescent display 


7.6. Example of FLDSP Execution 
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MCU: HMCS402C/ 
-HMCS404C/HMCS408C 


Label: FLDSP 





Program Module Name: 


Drive Fluorescent Display Tube 





Description: 
Table 7.3. Segment Data and Corresponding Display 


Segment data Display Segment data Display 





$3F f} $66 U 
$06 | $6D G 
$5B 2 $7D 5 
$4F 4 $07 A 





(3) Table 7.3 shows relation between segment data by pattern instruction 
and actual display. 


(4) FLDSP calls neither program modules nor subroutines. 
2. User Notes 

(1) Data shown in Table 7.3 is allocated as a data table. 

(2) Timer B is initialized before program execution. 

(3) IFTB is cleared to enable timer 2 interrupt. 


(4) Ports R, and R2 are used to output display data through use of the P 
instruction in module FLDSP. 


(5) High voltage ports are used to drive the fluorescent display tube. 


3. RAM Allocation 


I 
| 
a oe ee a Rae 
i 
1 


| | 


— oe oe 





Fig. 7.7. RAM Allocation 
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Program Module Name: MCU: HMCS402C/ Label: FLDSP 
Drive Fluorescent Display Tube HMCS404C/HMCS408C 








Description: 
Label RAM Description 
se TTT bo | 
os ee 
b3 bO 
rrc1T WN ees eecr eG rarer eae maa 
MD ($037) 


4. Sample Application 


: ; Initialize RAM indicating Port D pointer 
LMID $8, DIGI Trev: 


and digit output counter 
LMILD $3. PMB  *6esseteee Select timer mode register 
REMD IMT B  —_s_creteseseres Clear interrupt request mask 
SEMD TE ttt ee ete eeee Enable interrupt 


Store display data in 
display RAM 


ORG $1F0 


DC $23 F 

DC $206 

DC $25B 

DC $24F 

pe $266 ---- Segment data 
DC $26D 

DC $27D 

DC $207 
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Program Module Name: MCU:: HMCS402C/ Label: FLDSP 


Drive Fluorescent Display Tube HMCS404C/HMCS408C 





Description: 
5. Basic Operation 


(1) Previous digit display is turned off and next digit is displayed at 
every timer interrupt. 


(2) DRAM(RAM) is used as counter for display digits and Y register pointer 
to Port D. | 


(3) Increments Y register for pointer to Port D and counter for display 
| digit. 


(4) Data stored at the address indicated by Accumulator, B register 
and operand of the pattern instruction is transferred to Port Rj 
register and Port Rp register, using the table look-up function 
of the pattern generation instruction. 


Register 
Program Contents ROM contents 


B A 
LAT $1 ( ) Seeiees $1F0 
LBI $F =| 


P $1 R2 


([o] or 







After executing the P instruction in the above program sequence, 
$06 is contained in Port R} register and Port Ry register. 
($06 is stored in lower 8 bits of word located at $1Fl.) 


Note: If dotted area (bit 8) is $2 as shown above, ROM data is 
transferred to Port R; register and Port R92 register after 


executing the P instruction. 


(5) Lower 8 bits of word stores segment data. 
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Program Module Name: 


| Drive Fluorescent Display Tube 





Flowchart: 
FLDSP 


FLDSP 
O-IFTB |-~----- 


MR(SF)+A 


SPX-—A 


MR(SE)A 


X+ S P X 


SPX -A 


MR($D)<+A 


MR($C)A 


B> MR ($B) 


m< 
4 
> 


DIGIT—~A 


> 
| 
< 


0 — D (y) 


$ 0-7 A 


A> R1 


A> R 2 





MCU: HMCS402C/ Label: FLDSP 


HMCS404C/HMCS408C 





| cies: timer B interrupt request flag 


Save register 


Load counter indicating display digit 
and Port D pointer 


Initialize Port for digit signal and 
segment signal 
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Program Module Name: 


MCU: HMCS402C/ Label: FLDSP 
Drive Fluorescent Display Tube pes , 


HMCS404C/HMCS408C 





Flowchart: 


Increment counter indicating display 
digit and port D pointer 


PU MG, «tetera | toae pointer for X register 


Y+#0 
ae SS = | rest if all 8 digits are displayed 


FLDSP1 


Initialize current display digit and 
port D pointer 


A~DIGIT 


$F-B ——--—--| Load segment data 


Pattern $ 1 


Load "1" into digit indicated by 


1 Dq) ~~~" | counter } 


MR ($B) > B. 


MR(S$C) +A 


Restore register 


MR(S$E)A 


XS PX 


| b> > 2 
(«> ) 4 | | 
* a > 
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Program Module Name: MCU: HMCS402C/ Label: FLDSP 
Drive Fluorescent Display Tube HMCS404C/HMCS408C 





Fiowchart: 





---— Restore register 
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7.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


7.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 136 0000 LLEN 132 
00002 TITLE FLUORESCENT DISPLAY CONTROL 
00003 * 
00004 HOOK RAM ALLOCATION OOOOIOK OOO OK IO IOI IOK HOR OR IOIOK IO HOOK 
0000S * 
00006 DIGIT EQU $037 DIGIT DATA COUNTER 
BCooL DRAM EQU $048 MOVE SEGMENT DATA TO DISPLAY RAM 
* 
00009 OOK AK SYMBOL DEFINITIONS FOO OOOO IORI OK OI IO HOOK OK 
00010 * 
00011 TMB EQU $009 TIMER MODE REGISTER B 
00012 IFTB EQU 0.$002 IF OF TIMER B 
00013 IMTB EQU 1,$002 IM OF TIMER 8B 
00014 I€ EQU 0.$000 INTERRUPT ENABLE FLAG 
0001S OOOO OOICIOIOIOOOOIOOOIOR OOO IO IORI OR IO FOR IO IOI I IOI OK HOOK 
00016 * x 
00017 * VECTOR ADDRESSES * 
00018 * . * 
00019 IOI OICIOOIOR OOO OOOOK OIRO OOOO I OR IORI OI IO IO IOI HO IOK 
00020 * 
00021 ORG $0000 
00022 * 
00023 150 010 0000 JMPL FLMN RESET 
00024 150 010 0002 JMPL FLMN INTO 
0002S 150 010 0004 JMPL FLMN INTI 
00026 1S0 010 0006 JMPL FLMN TIMER-A 
00027 150 02A 0008 JMPL FLOSP TIMER-B 
00028 JOR OOIOIOIOOOIOIOOR OOK IO IOI IO OR IO OK IOI OIOK IOI IOI OOK OI OIOR HOR ORO OKOKOK 
00029 * * 
00030 * MAIN PROGRAM : FLMN * 
00031 * * 
00032 OIOOICIOIOR IORIOR OO IOIOI IO IOI OR IOI IOI IO OK OR OK TOR FOR IOOIOK ROK OK OK IOK IOIOK 
00033 * 
00034 ORG $0010 
00035 * 
~~ 00036 OFO 0010 FLMN LWI $0 INITIALIZE W REGISTER 
00037 1A8 037 0011 LMIO $8.DIGIT INITIALIZE DIGIT DATA COUNTER 
00038 1A3 009 0013 LMID $3.7TMB SELECT PRESCALER TO 1/32 
00039 189 002 0015 REMOD IMTB CLEAR INTERRUPT REQUEST FLAG 
00040 184 000 0017 SEMD Ie ENABLE INTERRUPTS 
00041 1A0 048 0019 LMIO $0.DRAM ’ MOVE SEGMENT DATA TO DISPLAY RAM 
00042 1A1 049 0018 LMID $1.DRAM+1 
00043 1A2 046A 0010 LMIO $2.DRAM+2 
00044 143 0468 OO1F LMID $3.,DRAM+3 
0004S 1A4 04C 0021 LMID $4, DRAM+4 
00046 1AS 040 0023 LMID $5,DRAM+S 
00047 1A6 OGE 0025 LMID $6,DRAM+6 
00048 1A7 O4F 0027 LMID $7.,DRAM+7 
00049 329 0029 PEND BR PENO END OF PROGRAM 
000S0 OIOOIOOIOOK IOI IORI CORIO OOO IGOR IOI OI OOK OR OI I OIOK OK IO IOK KOK 
00051 * * 
00052 * NAME : FLDSP CORIVE FLOURSCENT DISPLAY TUBE) x 
000S3 * * 
00054 RORORIORIOR OR IOI OR IO IOR IORI OIG IOI OK IOI OK IO KOK IOK 
oo00osS * * 
00056 * ENTRY : ORAM COISPLAY DATAD »* 


000s? * RETURNS : NOTHING * 
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00058 * * 


00059 ROROROIOIOIOOOICIOIOIOIOIIOOIOROOIOK IOOICIOOOR IO IOI OROIOIOIOIOIOIOIO IO I OIOOI OK 
00060 188 002 002A FLDOSP REMD IFTB CLEAR TIMER B INTERRUPT REQUEST FLAG 
00061 2FF 002¢c¢ XMRA $F SAVE REGISTER 

00062 068 0020 LASPX 

00063 ZEEE OO2E XMRA $E 

00064 001 002F XSPX 

00065 068 0030 LASPX 

00066 2FD 0031 XMRA $D 

00067 OAF 0032 LAY 

00068 2FC 0033 XMRA $C 

00069 048 0034 LAB 

00070 2F8 0035 XMRA $B 

00071 190 037 0036 LAMD DIGIT LOAD OIGIT DATA COUNTER 
00072 008 0038 LYA 

00073 064 0039 RED INITIALIZE PORT 

00074 230 003A LAL $0 

0007S 201 0038 LRA $1 

00076 202 003C LRA $2 

00077 224 0030 LXI $4 LOAD POINTER FOR X REGISTER 
00078 OSC OO3E IY INCREMENT DISPLAY COUNTER & D PORT POINTER 
00079 353 OO3F BR FLOSP2 TEST IF 8 DIGITS ARE DISPLAYED 
00080 218 0040 Cyt $8 

00081 OAF 0041 FLOSP1 LAY INITIALIZE CURRENT DISPLAY COUNTER & D PORT POINTER 
00082 194 037 0042 LMAD DIGIT 

00083 090 0044 LAM 

00084 20F 0045 LBI $F OUTPUT DISPLAY DATA 

0008S 181 0046 FP $1 

00086 OE4 0047 SED LOAD 1 INTO DIGIT INOICATED BY COUNTER 
00087 2FB 0048 XMRA $B RESTORE REGISTERS 

00088 0c8 0049 LBA 

00089 2FC 004A XMRA $C 

00090 008 0048 LYA 

-00091 2FE 004C XMRA $E 

00092 OE8 004D LXA 

00093 O01 OO04E XSPX 

00094 2FD OO4F XMRA $0 

0009S OEB 0050 LXA 

00096 2FF 0051 XMRA $F 

00097 O11 0052 RTNI 

00098 341 0053 FLOSP2 BRS FLDSP 1 

00099 ROROIOIOI ICI IGOR IOI OR IOI ICIOIOIOIOK IOI IORI IOI OI IOK FOR OK IOI OI OOK I HOOK IK 
00100 * * 
00101 * DATA TABLE * 
00102 * * 
00103 OICIOR IOIOIOIOIORIOOIICIOIOICIOR IGOR ORO III ORO III IO IO IOIOKIOK HOOK 
00104 

0010S ORG $1FO 

00106 * 

00107 23F O1F0 OC $23F 0 SEGMENT DATA 

00108 206 O1F1 DC $206 1 

00109 25B O1F2 DC $25B 2 

00110 24F O1F3 DC $24F 3 

00111 266 O1F4 DC $266 4 

00112 26D O1FS DC $260 5 

00113 270 O1F6 OC $270 6 

00114 207 O1F? DC $207 7 
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00115 
00116 
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END 


SECTION 8. STEPPING MOTOR CONTROL 


8.1 HARDWARE DESCRIPTION 
8.1.1 Function 


(1) Drives stepping motor using the HMCS404C. 

(2) Uses 4-phase 2 exciting stepping motor. 

(3) 1 to 255 steps can be selected. 

(4) Controls slue pulse rate (slow-up, operating and slow-down) 
when 12 steps or more are selected. 

(5) Selects clockwise (normal) slue and counterclockwise (reverse) 
Slue with stepping motor. Operates backlash when reverse 


Sslue is selected. 
8.1.2 Microcomputer Operation 


(1) Executes interrupt routine using 8-bit autoreload timer/event 
counter contained in the HMCS404C (hereinafter, timer B). 

(2) Drives stepping motor by outputting pulses from port B by 
interrupt routine. 

(3) Generates slue-up and slue-down pulse rate by changing the 


timer load register (hereinafter TLR) value. 


8.1.3 Peripheral Devices 
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8.1.4 Circuit Diagram 


MCU 
HMCS404C 
HMCS402C 


HMcS408c) 


r- 

as 
[oA 
L 


1$2076 


HD74HC14 
ig>< ito {ee 


22pF 


4MHz CJ MQ = 


22pF 





Fig. 8.1. Stepping Motor Control 


8.1.5 Pin Functions 


Pin functions at the interface between the HMCS404C and stepping 


motor are shown in Table 8.l. 


Table 8.1. Pin Functions 





Pin Name Input/ Active level | _ Pin Name 
HMCS404C Output (High or Low) Function (Motor) 
R60 Output — Connects stepping B 
——_—__—_- ————_ motor 

R61 Output — A 

Reo Output ——  &B 

R63 Output — . A 
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8.1.6 Hardware Operation 


The stepping motor supplies pulses at the HMCS404C I/O port as 


shown in Fig. 8.2. 


At initialization 
Reverse slue | f Normal slue 
Vec 


ee 


Step Count | 4 | 3 | 2 | i | 0 | 1 | 2 | 3 | 4 | 


Ree 
(2 exciting type) 





Fig. 8.2. Outline of Stepping Motor Operation 


Slue-up and slue-down pulse rate are supplied to the stepping motor 


every four steps as shown in Fig. 8.3. 


Operating pulse Slue-down pulse 
Slue-up pulse rate area rate area rate area 


Pulse rate [PPS] 


Starts slue 


Stops slue 





Fig. 8.3. Outputs to the Stepping Motor 
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(1) The pulse rate changes every 4 steps for slue-up and slue-down. 
(2) In case of slue-up area to the operating pulse area, the pulse 
rate changes in 21 steps to gradually increase the slue speed. 
(3) In case of slue-down area to stop, the pulse rate changes in 
7 steps to gradually reduce the slue speed. | 
(4) When reverse slue is selected, an additional eue=stes rotation, 


followed by a normal one-step rotation, is executed. 
8.2 SOFTWARE DESCRIPTION 


8.2.1 Program Module Configuration 





The program module configuration for stepping motor control is shown 


in Fig. 8.4. 


Main Eo) 


Program 


SMCLC 


Generate 
Stepping 
Motor Output 


Process 
Data 





Fig. 8.4. Program Module Configuration 


8.2.2 Program Module Functions 


Program module functions are summarized in Table 8.2. 


Table 8.2. Program Module Functions 


No. Program Module Name Label Function 





0 Main Program SMMN Rotates stepping motor 


1 Process Data SMCLC Calculates output data for slue- 
up, Operating, slue-down and. 
backlash by supplying total step 


count 
2 Generate Stepping SMREV Supplies pulses to the stepping 
Motor Output motor 
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re: 


Program Module Process Flow (Main Program) 


The flowchart in Fig. 8.5 is an example of the stepping motor 
rotation performed by the program module in Fig. 8.4. When the 
program module of Fig. 8.5 is executed, the stepping motor makes 201 


reverse slue, then one normal slue. 


Main Program 


SMMN 


$0- W —-—--| Initialize W register 


PBSM is RAM for loading data which is 
supplied to the stepping motor at port R 
at the beginning of each timer interrupt 


Initialize each pin of the stepping motor. 
routine 


Initialize stepping motor start flag 


Select auto-reload function and select 


$B—->TMB prescaler divide ratio as + 32 


0-IMTB —---| Clear timer B interrupt mask 


Enable interrupt 


0>FRFLG | -—--| Store reverse slue data in entry argument 


B2 — 


HTLRD: LTLRD| 777" Initialize WORK AREA for TCR 


Store the top address of slue-up and 
slue-down data table 


A ~PBDTR 
lm J 
PRG 
$30 —> 


HDDTA: LDDTA 


Determine values for processing of 
slue-up, operating, and slue-down, 
respectively, from the supplied step 
count 


| SMCLC --—-- 


oot: STEPL ----| store 200-step data in entry argument 





Fig. 8.5. Program Module Sample Application 
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SMREV Timer B interrupt routine 


Generate stepping 
motor output 


----| ovtput to stepping motor 





Fig. 8.5. Program Module Sample Application (Cont) 
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8.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: Process Data MCU: HMCS402C/ Label: SMCLC 
| HMCS404C/HMCS408C 





Function: 


Generates data for outputting to the stepping motor by the timer routine. 
Sets data for slue-up, operating, and slue-down after determining the backlash 


requirement. 


Arguments: es : h i j i 7 
g i @igit = 4 bits Changes in CPU Specifications 


Storage No. of Registers and Flags: 1 word = 10 bits 
Location Digits 


Entry Normal/ FRFLG 1 
Reverse (RAM) RAM (Digits): 27 
slue 
flag Stack (Digits): 4 


Total STEPU 
Step (RAM) 
Count . Reentrant: No 
STEPL 
(RAM) 


Re- Slue-up aces 1 Interrupt OK?: No 
turns data LSUP (RAM 
Hold data HSHOLD (RAM) 1 
LSHOLD (RAM) 1 


Slue-down SDWN (RAM) 
data 


1 
Remainder STEPE(RAM) lL 


of step 
Normal / FRFLG (RAM) 1 


Reverse | 
: Not Affected 


slue flag 
Slue start SMSF (RAM) Cee aa 


fla 


Contents 
ROM (Words): 250 


No. of cycles: 1026 


Relocatable: No 


Description: 
l. Function Details 


(1) Argument details 


FRFLG: SMSF(RAM) : Holds flag indicating slue direction and start of 
, stepping motor rotation. Flag functions are shown in 
Table 8.3. 

STEPU: STEPL(RAM): Holds total step count. 
HSUP: LSUP(RAM) : Contains slue-up data. 
LSHOLD: HSHOLD (RAM): Contains operating data. 

SDWN (RAM): Contains slue-down data. 

STEPE (RAM): Contains remainder of total step count divided by 4. 


Specifications Notes: 
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| Program Module Name: MCU: HMCS402C/ 


Process Data 


Label: SMCLC 


_HMCS404C/HMCS408C 





Description: 
Table 8.3. Flag Functions 
Bit/Label 
Label SMSF FRFLG Function 
FLG1 - ¢) 


‘Rotates stepping motor clockwise (normal) 


Rotates stepping motor counterclockwise (reverse) 





Stops slue 


= Starts slue 


Fig. 8.6 shows an example of 
program module SMCLC 
execution. 

If entry arguments are held 

as shown in part of Fig. 
8.6, the remainders of slue-up, 
operating and slue-down are 
contained as shown in part 

of Fig. 8.6. 


(2) 


SMCLC calls subroutines 
shown in Table 8.4. 


(3) 


@ Entry 


arguments 


b3 SSF bO 
SMSF (RAM) 
MD( 2, $0387 ) foo ED 
es STEPU STEPL 
STEPU : STEPL (RAM) 
MD($03F, $08E) 
HSUP LSUP 
HSUP: LSUP (RAM) 
MD ($039, $038 ) [2] [s] 
HSHOLD: LSHOLD( RAM) ~ 
Geese 4008) DP] &] 
S DWN (RAM) ; 
MD($045 ) [7] 
STEPE 
STEPE(RAM) 
MD($051 ) oy 


Fig. 8.6. 
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SMSF (RAM )MD( 2, “2 
Slue star t (=1 
FRFLG (RAM)MD( 0, deans 


Reverse slue (=0) 


Example of SMCLC Execution 


Program Module Name: 





Description: 


Table 8.4. 


Program Module/ 
Subroutine Name 


Shifting 8-bit 
Binary Data 


Adding 8-bit 
Binary Data 


Subtracting 8-bit 


Process Data 


Label 


SHR 


MCU: HMCS402C/ 


Label: SMCLC 


HMCS404C/HMCS408C 





Subroutines Called in SMCLC 


Function 

Shifts 8-bit binary data in RAM to right 
Performs addition of 8-bit binary data in RAM, 
and stores result in RAM 


Performs subtraction of 8-bit binary data in 


Binary Data RAM, and stores result in RAM 

Determines larger than/smaller than relationship 
=,<) of 8-bit binary data of 2 group, 

"$1" or "$2" into B register as 


Comparing 8-bit 

Binary Data (>, 
and loads "$0" 
a result 


Tests whether the slue is normal or reverse and 
sets the next data to the stepping motor 


Calculate 
Normal/Reverse 
Data 


User Notes 


When the slue is reverse, the maximum number of steps is $FE. When $FF is 


set, an exact slue data is not set. 


RAM Allocation 


Za fotos 


SERENE WES RR 


RAM Allocation 


Specifications Notes: "No. of cycles" in "Specification" represents the number of 


cycles required to execute data in the sample application. 
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Program Module Name: Process Data {MCU: HMCS402C/ Label: SMCLC 






HMCS404C/HMCS408C 





Description: 


Label RAM Description 


STEPU: STEPL Stores total step count 


a 
oO 
A 
oO 
iv) 
ty 
HA 
fom] 
[ve] 
re] 


o 
~S 


HSUP:LSUP 


b 
ag Stores one-fourth of the step count 
NN NN due to slue-up 


HSHOLD: LSHOLD Stores one-fourth of the step count 


due to operating 


E 


MD($047,$046) 


b3 bO 
Hh Stores one-fourth of the step count 
S DWN due to slue-down 
MD ($045) 
b3 bO 
WORK AREA for SDWN 
SDWNW 
MD ($044) 
b3 bO . | 
EE Stores flag indicating start slue for 
SMSF | | the stepping motor 
MD (2,$087) | 
b3 bO 
STEPE Stores remainder of a total step 
divided by 4 
MD($051) 
| . & | b7 bO 
HSTEPW:LSTEPW AWWA Stores WORK AREA for STEP 
SASS 
MD($043 ,$042) 
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Program Module Name: Process Data 





Description: 
Label RAM 
b3 bO 
ve TD 
MD( $050) 
b7 bo 


SRW TAB 


HAUG: LAUG 


MD($03D,$038C) 


b7 bo 


VL Lnagl plea gl Memo poke angle nfl) 


HADD:LADD 


HSHR:LSHR 


HMIN:LMIN 











HSUB:LSUB KAO 
Seeseceet estate 
PL RX CYL) 


MD($04D,$04C) 














b7 bO 


MD($038B,$038A) 


Too 


MD($04B,$04A) 





MCU: HMCS402C/ 


Label: SMCLC 
HMCS404C/HMCS408C 


Description 


Stores 4-step counter 


Holds 8-bit binary augend. 
After execution, contain addition result 


Holds 8-bit binary addend 


Holds 8-bit binary data to be 
shifted to right 


Holds 8-bit binary minuend. 
After execution, contain subtraction result 


Holds 8-bit binary subtrahend 


the first 8-bit binary value 





the second 8-bit binary value 
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Program Module Name: process Data MCU: HMCS402C/ Label: SMCLC 


HMCS404C/HMCS408C 





Description: 
‘4, Sample Application 


WORKU 5 
RK | Beet ae Reserve memory byte for total step count 
WORKL EQU. $05 4 | | | 


Set normal/reverse flag to normal 


SEMD SMSF  ceccerseeees 
rotation 

LAMD WORKU 

LMAD STEPU| ‘Load the total step count into entry 

LAMD WORKL argument 

LMAD STEPL 


CALL SMCLC apse aie Call SMCLC and process the data 
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Program Module Name: Process Data | | MCU: HMCS402C/ Label: SMCLC 


HMCS404C/HMCS408C 





Description: 
5. Basic Operation 


(1) Tests whether slue is normal or reverse. If it is reverse, 1 is 
added to the total step count for backlush processing. 


(2) Slue-up and slue-down operations are executed every 4 steps. The total 
step count is multiplied by one-fourth. 
If the result is 2 or less, slue-up and slue-down are not executed. 

(3) If one-fourth the step count is 3 or more, values of slue-up data, 
operating data, and slue-down data are determined for slue-up and 
Slue-down processing. 


(4) Slue-up of 21 steps and slue-down of 7 steps are executed. 


(S) Slue-up data, operating data, and slue-down data are shown in (a) 
to (c), by one-fourth the step count "n" obtained in (3) and (4). 


(a) At n = 3 to 29, n = 2+4m (m 


1 to 6) 

slue-up data = one-fourth the total step count - (m+2) 
operating data = 0 

slue-down data = m 


(bo) At n = 3 to 29, n < 2+4m (m = 1 to 6) 


slue-up data = one-fourth the total step count - (m+l) 
operating data O 


slue-down data =m 
(c) At n 2 30 
slue-up data = 21 


operating data = one-fourth the total step count - 29 
Slue-down data i, 


(6) If one-fourth the step count is O , STEPE(RAM), the remainder of 
one-fourth the step count only is output. 


(7) If one-fourth the step count is n(l to 2), a step count of "nx4+STEPE 
(RAM)" is output. | 
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MCU: HMCS402C/ ILabel: SMCLC 


HMCS404C/HMCS408C 





Program Module Name: Process Data 





Flowchart: 
SMCLC 
SMCLC 
FRFLG=1 -—-| whether slue is normal or reverse 
FRFLG=0 : 







STEPL+1—-STEPL] — — — - 


For reverse slue, backlash processing is 
executed . 


Store the remainder of total step counts 
to be processed divided by 4 


STEPL> 
LSHR 


STEPU> 
HSHR | 
SMCL2 | }}3£=-=—=-=<- Divide total step counts to be processed 
[see | by 4 to permit 4-step processing 


LSHR-STEPL 


HSHR~STEPU 
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Program Module Name: Process Data MCU: HMCS402C/ Label: SMCLC 


HMCS404C/HMCS408C 








Flowchart: 
STEPL<3 STEPU=0 |__| Test if one-fourth the step count §$ 2 
SMCL8 
$4—-SCNTR 
——_——| Store "4" in SCNTR and "0" in SDWNW if 
one-fourth the step count 2 3 
$ 0S DWNW 
$ 0O~HSTEPW 
————| Store "2" in LSTEPW if one-fourth the 
step count 2 3 
$2—-LSTEPW | 
(+) SMCL4 


Store data to test slue-down in RAM 
if step count < 30 


HSTEPW-HAUG 


LSTEPW-LAUG 


$0-~HADD 


$4—>LADD |----- 


Store data to test slue-up in RAM 
if step count < 30 y 


SMCL5 


[oo] 


HAUG~HS TEPW 





LAUG~LSTEPW 


[eee ee ee i ee 1 | 
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| | 
| 





MCU: HMCS402C/ 


Program Module Name: Process Data Label: _ SMCLC 


HMCS404C/HMCS408C 





Flowchart: 


STEPL < 2 


STEPL22 Test if one-fourth the step count = 2 








SMCL15 
$4-~SCNTR 


$ 0~HSHOLD 


$1—-LSHOLD 


when one-fourth the step counter is 2 


= 4 in SCNTR(RAM) and 1 in LSHOLD 


STEPL21 







Test if one-fourth the step count = l 


a ene ne cae ee 


$4SCNTR |--- 


Store 4 in SCNTR (RAM) when one-fourth 
the step counter is l 


Store only STEPE(RAM) value to enable 
rotation when one-fourth the step count 
is 0O | 








STEPE~SCNTR 
$0-STEPE 


$0-HSHOLD 
Store O in HSHOLD, LSHOLD if one-fourth 
the step count $ 1 


ed 


$0-LSHOLD 


SMCL14 
$0-HSUP 
; $0->LSUP ----— 
: $0—-SDWN 
C5) ~§MCL 10 


: | | SMFR | _._——| Store normal or reverse slue data for 
the stepping motor 


I>SMSF | 9 =-=--- 


R TN 


Store O in HSUP, LSUP if one-fourth 
the step count §$ 2 





Set the flag for the stepping motor 
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MCU: HMCS402C/ Label: SMCLC 


Program Module Name: Process Data 
‘HMCS404C/HMCS408C 





Flowchart: & 
___._| Test if one-fourth the step counter = 30 
SMCL6 


Leek] 
STEP23 0 
SMCL16 


STEPU-HMIN STEP< 30 
STEPL-LMIN 
$1-—-HSUB 


$D—-LSUB 


B 


———— 
™ 
G 


Store values of operating, slue-up, 
----| and slue-down if one-fourth the step 


counter 2 30 
HMIN ~HSHOLD 


LMIN-~LSHOLD 


$1~HSUP 





$5>LSUP 


$7-S DWN 
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MCU: HMCS402C/ Label: SMCLC 


Program Module Name: Process Data 
| | HMCS404C/HMCS408C 





Flowchart: 


LS TEPW~LCMD 


SMCL? 
HSTEPW-HCMD 
STEPU-HCMT | ----- Test if one-fourth the step count = 
2+ 4n (n = 1 to 26) 


STEPL~LCMT 


fo 
= 
ae 


Test if one-fourth the step count < 
2+ 4n (n = 1 to 26) 


Store O in HSHOLD, LSHOLD if one-fourth 
the step count $ 2 + 4n 


SMCL17 





Store 1 in LSHOLD when one-fourth the 
step count = 2 + 4n 


|} $1>LSHOLD 
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MCU: HMCS402C/ Label: SMCLC 


Program Module Name: Process Data 
HMCS404C/HMCS408C_ 





Flowchart: 


SMCL9 
SDWNW-SDWN | - -———-_ |store SDWNW (RAM) value as slue-down data 


STEPU~HMIN 


STEPL~LMIN 


$0-HSUB 


SDWNW-LSUB 


HSHOLD-HSUB 


Store one-fourth the step count - 
LSHOLD-LSUB|—-—-——-—| (SDWNW(RAM) + operating data + 1) as 
slue-up data 


S U B 


$0-HSUB 


$1—-LSUB 


U B 


Eee 
~” 
as 


HMIN-HSUP 


LMIN-LSUP 
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MCU: HMCS402C/ | Label: SMREV | 


Program Module Name: 


HMCS404C/HMCS408C 
Generate Stepping Motor Output 





Function: 


Outputs pulse to the stepping motor. 


Arguments: A sae Ch es in CP Specifications: 
niyunents: 1 digit = 4 bits Cnanges in CPU iad SA acta cel 


Storage No. of Registers and Flags:| © 1 word = 10 bits 
Location Digits 
Slue-up HSUP (RAM) T 
Entry data LSUP(RAM) 1 
Operating HSHOLD(RAM) 1 
data LSHOLD (RAM) 1 
Slue-down SDWN (RAM) 1 
data _ 
Remainder STEPE (RAM) 
of the Relocatable: No 
step 
Normal/ FRFLG (RAM) 
reverse 
Slue flag 
Slue SMSF (RAM) 
start 
flag 
Re- Slue SMSF (RAM) 


turns start : Not Affected 
flag : Undefined 
: Result 


Contents 
ROM (Words): 205 


RAM (Digits): 23 
Stack (Digits): 4 
No. of cycles: 83 


Reentrant: No 


Interrupt OK?: No 


Description: 


1. Function Details 
(1) Argument details 


FRFLG: SMSF(RAM) : Holds flag indicating rotation direction and rotation 
start of the stepping motor. Flag functions are 
: shown in Table 8.5. : 
STEPU: STEPL(RAM) : Holds total slue step count. 
HSUP : LSUP(RAM) : Holds slue-up data. 
HSHOLD: LSHOLD(RAM): Holds operating data. 
SDWN (RAM) : Holds slue-down data. 
STEPE (RAM) : Holds remainder of the total step count divided by 4. 


Specifications Notes: 
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Program Module Name: 


HMCS402C/ Label: SMREV 
Generate Stepping Motor Output 


HMC S404C/HMCS408C 





Description: 


Table 8.5. Flag Functions 





Bit/Label 
Label SMSF FRE LG Function 
FLG1 ~ 0 Rotates stepping motor clockwise (normal) 
7 1 Rotates stepping motor counterclockwise 
(reverse) 
0 - Stops slue 
i = Starts slue 





(2) Fig. 8.8 shows an example of 


SMREV execution. HSUP = LSUP 
If the entry argument is Mo sia staan. [=] 
held as shown in part @ of HSHOLD LSHOLD 
Fig. 8.8 outputs pulse to Die eae [= | 
the stepping motor. | 
Then, the slue start flag SDWN (RAM) 
Entr 
SMSF (RAM) is contained as @ 2 MD (8.0-4°5') 


r nt 
shown in part @) of Fig. i a errr STEPE 


8.8. MD($051) 
SMSF (RAM)MD( 2, $037) SMSF FRFLG 


(3) SMREV calls other routines Slue start (=1) See 
shown in Table 8.6. Reverse slue (=0) 
@ b3 gsr b0 
Return SMSF(RAM) 
argument | MD(2, $037) Bik 


Fig. 8.8. Example of SMREV Execution 


Table 8.6. Program Modules and Subroutines Used in SMREV 


Program Module/ 








Subroutine Name Label Function 

Load normal/ SMFR Tests whether slue is normal or reverse and 
Reverse sSlue data stores next data in stepping motor 
Subtracting SUB Performs subtraction of 8-bit binary data 
8-bit binary data in RAM, and stores result in RAM 

Adding 8-bit ADD Performs addition of 8-bit binary data in 
binary data RAM, and stores result in RAM 
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MCU: HMCS402C/ 
HMC S404C/HMCS408C 


Program Module Name: 





Generate Stepping Motor Output 





Description: 
2. User Notes 
(1) Initializes timer B. 
(2) Clears bit IE to enable timer interrupt. 


3. RAM Allocation 





Fig. 8.9. RAM Allocation 


_ Label RAM Description 


HSUP:LSUP MX @ Stores one-fourth of the step count 
\ \ due to slue-up 


HSHOLD:LSHOLD | TT Stores one-fourth of the step count 
; due to operating 


MD($047 ,$046) 


b3 bO 
S DWN Stores one-fourth of the step count 
due to slue-down 
MD ($045 ) 
. b3 bO | 
FRFLG | Stores flag indicating normal rotation 
of the stepping motor . 


MD(0,$037) 


3 bo 


on 


SMSF . Stores flag indicating start slue 


for the stepping motor 


= 


MD(2,$037) 
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MCU: HMCS402C/ Label: SMREV 


Program Module Name: 


Generate Stepping Motor Output HMCS404C/HMCS408C 





Description: 


Label RAM Description 


b3_—-b0 | 
SCNTR eee Stores 4-step counter 


MD( $050) 


b3 bO 
STEPE NNN Stores remainder of a total step divided 
by 4 
MD($051) 


b3 bO 
PBSM YY Stores data output to stepping motor 


MD ($030) 


b7 bO 


SAAR GACT 


a + 
HAUG: LAUG Poo ee peass Holds 8-bit binary augend. 
PN NN NPA AN NAN F . 7 : 
SSS SSRN SSS After execution, contain. addition result 


MD($03D,$038C) 


b7 bO 
HADD: LADD Kk AALS Holds 8-bit binary addend 
; CZ 


henhebewbeunbnbibeabeanheade beast 


MD( $049 $048) 


Holds 8-bit binary minuend. 
After execution contain subtraction 
result 


HMIN:LMIN 





MD($041, $040) 


b7 bO 
SOOO OO 
Ieseseate eetetors 
oseree, 5 M ¢ x3 


MD ($03B,$038A) 









HSUB:LSUB Holds 8-bit binary subtrahend 


Z» 








b7 bO 


HTLRD: LTLRD == Stores WORK AREA for timer load 
. register 


MD($032, $031) 
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MCU: HMCS402C/ 
HMCS404C/HMCS408C 


Program Module Name: 


Label: SMREV 


Generate Stepping Motor Output 





Description: 


Label RAM Description 


b7 bo 


MD($084,$033) 


HDDTA:LDDTA Stores address for slue-down data 


b7 bO 


HUDTA:LUDTA Stores address for slue-up data 





MD( $086 ,$0385) 


4. Sample Application 


WORKU EQU $055 | pat eas Reserve memory byte for the total step 
WORKL EQU $05 4 counter 
LAI $9 
LMAD PB SM Pabst Initialize the stepping motor output pin 
LRA PBDTR | 
REMD SMS F ocreseeres Set rotation stop 
LMID $2, LTLRD 
LMID $B, HTLRD Sawn tae —_ = | 
LMLID $2, TLRL tere nieos aaa output timing to the stepping 
LMID $B, TLRU 
LMID $B, TMB 
SEMD TE trteeeeeees Enable interrupt 
REMD  FRFLG 
LAMD WORKU 
LMAD SEP Uy! pecs Load entry argument 
LAMD WORKL | 
LMAD STEPL 


| CALL SMCLC | aoe ‘Calculate entry argument 
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Program Module Name: MCU: HMCS402C/ Label: SMREV 


Generate Stepping Motor Output HMCS404C/HMCS408C 





Description: 
5. Basic Operation 
(1) Program module SMREV is called by the timer routine. 
(2) Outputs pulses one step to stepping motor every timer interrupt. 


(3) At the beginning of timer interrupt, timer timing (slue-up, operating 
and slue-down slue) which is held in advance and output to the 
stepping motor. 


(4) Following (3), data to be output at the next timer interrupt is 
loaded. 


(5) Only the timer timing is held and no output is provided to the stepping 
motor, when the rotation start flag SMSF(RAM) is cleared. 


(6) Slue-up or slue-down output data is supplied to the stepping motor 
every 4-step. 


(7) To implement (6), a test is performed to determine if the 4-step output 
is supplied within the same timing. Then, outputs are supplied in 
the sequence of slue-up, operating and slue-down. 
Normal/reverse slue is tested and if it is reverse, output for backlash 
is provided. 


(8) Timing data for slue-up and slue-down should be set in the data table 
in advance. 
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Program Module Name: . MCU: HMCS402C/ Label: SMREV 


Generate Stepping Motor Output HMCS404C/HMCS408C. 





Flowchart: 


SMREV 


wT 


3 
Ad 


Oo-IFTB ----| teas timer B interrupt request flag 


A«<>M R (4) 
B<M R (5) 
SPX#MR(6) 
—~—--| Save registers 
S PYM R(7) 
Xo M R (8) | 


Yon R (9) 


LTLRD-TLRL 


HTLRD-~TLRU 


Soren e the timer interrupt period 


; 


SMSF=0 
& cious Test. if the output is-suppiied tothe 
stepping motor 


SMREV1)} SMSF=1 


PBSM>-R6 |—-~-- Output to the stepping motor 


1 aC A eae aan 
to the stepping motor in 4 steps 


SCNTR-A-CA 

~ SCNTR 

0¢4S CNTR . 

Test if 4-step outputs are given to the 
stepping motor 


( 


$17 A | 
Decrement counter indicating output 


0=SCNTR 


, ° 
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Program Module Name: MCU: HMCS402C/ 


HMCS404C/HMCS408C 


Label: SMREV 





Generate Stepping Motor Output 





Flowchart: 


4-9 SCNTR _ __ _| Initialize counter indicating output 
z to the stepping motor in 4 steps 


0=HSUP << ——-—-| Test if siue-up output 1s completed 


0=LSUP 
SMREV5 


& HSUP-HMIN 


LSUP~LMIN 


$0-HSUB 


Decrement counter indicating output 
slue-up data 


S$I>LSUB [~~ 


™ 
G 
oo 


HMIN-HSUP 


LMIN-LSUP 
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Label: SMREV 


Program Module Name: MCU: HMCS402C/ 





Generate Stepping Motor Output | HMCS404C/HMCS408C 





Flowchart: 


HUDTA-~A 


A~HAUG 


LUDTA~LAUG 


Pattern $F 


A>~LTLRD 


> 
o 
& 


= Set timing for next slue-up output 


B>-HTLRD | 


$0-HADD 


$1—-LADD 


DD 


> 
| 


HAUG~HUDTA 


LAUG~LUDTA 
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Program Module Name: || mcu: HMcs402c/ Label: SMREV 


Generate Stepping Motor Output HMCS404C/HMCS408C 





Flowchart: 


Test if steady state output is 
terminated (Output of the remaining 
step count from the total step count to 
be processed divided by 4) 


ae EST ED) 
Hs i 


SMREV6 0=STEPE 
STEPE~SCNTR 


Store steady state output 


$0-STEPE 





0AHSHOLD 
0-AHSHOLD 
O0O=-HSHOLD | Test if operating pulse rate output is 
0-4LSHOLD completed 
O= 
SMREV? tan 
HSHOLD-HMIN : 
LSHOLD-LMIN 
$0-HSUB 
$1—>LSUB ~.....|. Decrement counter indicating operating 
pulse rate output 
[sve | 
HMIN-HSHOLD 
LMIN-LSHOLD 
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Label: SMREV 





MCU: HMCS402C/ 
HMCS404C/HMCS408C 


Program Module Name: 
Generate Stepping Motor Output 








Flowchart: 


04S DWN ; , 
<oespwi> : ——-——| Test if slue-down output is completed 


0=SDWN SMREV8 


G) [ea 


| Decrement counter indicating slue-down 
1>cCa |--—- 


output 


SDWN-A-CA 


A- 

—_ SD 
HDDTA~HAUG 
LDDT A~L AUG 


$0-HADD 


SDWN~LADD 


> 

7) 

7, 
=== 


Initialize timing for the next slue-down 
output. 
HAUG-B 


LAUG>~A 


Pattern $F 


A~LTLRD 


B-HTLRD 
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Program Module Name: MCU: HMCS402C/ Label: SMREV 


Generate Stepping Motor Output HMC S404C/HMCS408C 





Flowchart: 


Test if backlash processing is needed 





FRFLG=1 <ERriezt> _ 
SMREV 9 
OoO-SMSF 


Terminate output to the stepping motor 


Load output for backlash processing 


Store normal or reverse slue data for 
the stepping motor 


Si Restore register 


MR(4)o A 


RTNI 
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8.4 SUBROUTINE DESCRIPTION 


Subroutine Name: . MCU: HMCS402C/ 
Calculate Normal/Reverse Rotation ‘HMCS404C/HMCS408C 
Data ; | 


Function: 


Tests whether slue flag (FRFLG(RAM)) is normal or reverse, stores data for the 
next stepping motor output in PBSM(RAM). 


Basic Operation: 


Tests whether slue is normal or reverse, and then performs shift. 
As a result, output data for one-step normal/reverse slue is obtained. 


Program Module Using This Subroutine: SMCLC, SMREV 


Flowchart: 





Test if slue is normal or reverse 


If normal, store data for the next 
stepping motor output 





If reverse, store data for the next 
stepping output 
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8.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 207 0000 LLEN L352 

00002 TITLE STEPPING MOTOR CONTROL 

00003 *x 

00004 WOK HOOK RAM ALLOCATION FOO OR OIOR OOO OOOO FOR OIRO OK OIOK IO IOI OK OOK KOK OIOIOK OK 
0000S * 

00006 PBSM EQU $030 WORK AREA FOR PBOTR 

00007 LTLRD EQU $031 LOWER WORK AREA FOR TLR 

00008 HTLRD EQU $032 UPPER WORK AREA FOR TLR 

00009 LOOTA EQU $033 LOWER WORK AREA FOR TLR DOWN 
00010 HDOTA EQU $034 UPPER WORK AREA FOR TLR DOWN 
00011 LUDTA EQU $035 LOWER WORK AREA FOR TLR UP 
00012 HUDTA EQU $036 UPPER WORK AREA FOR TLR UP 
00013 FRFLG EQU 0.$037 FORWARD OR REVERSE FLAG 

00014 SMSF EQU 2.$037 STEPPING MOTOR START FLAG 
0001S LSUP EQU $038 LOWER SLUE-UP NUMBER 

00016 HSUP EQU $039 UPPER SLUE-UP NUMBER 

00017 LOMD EQU $03A LOWER FIRST VALUE 

00018 , HCMD EQU $038 UPPER FIRST VALUE 

00019 LAUG EQU $O03C LOWER AUGEND 

00020 HAUG EQU $03D UPPER AUGEND 

00021 STEPL EQU $O3E LOWER STEP NUMBER 

00022 STEPU EQU $O3F UPPER STEP NUMBER 

00023 LMIN EQU $040 LOWER MINUEND 

00024 HMIN EQU $041 UPPER MINUEND 

0002S LSTEPW EQU $042 LOWER WORK FOR SUP 

00026 HSTEPW EQU $043 UPPER WORK FOR SUP 

00027 SOWNW EQU $044 WORK FOR SDWN 

00028 SOWN EGU $045 SLUE DOWN NUMBER 

00029 LSHOLD EQU $046 LOWER OPERATING NUMBER 

00030 HSHOLD EQU $047 UPPER OPERATING NUMBER 

00031 LADD EQU $048 LOWER ADDEND 

00032 HADD EQU $049 UPPER ADDEND 

00033 LCMT EQU $04A “LOWER SECOND VALUE NUMBER 
00034 HCMT EQU $04B UPPER SECOND VALUE NUMBER 
00035 LSUB EQU $04C LOWER SUBTRAHEND 

00036 HSUB EQU $040 UPPER SUBTRAHEND 

00037 LSHR EQU $O4E LOWER 8-BIT BINARY 

00038 HSHR EQU $04F UPPER 8-BIT BINARY 

00039 SCNTR EQU $0S0 4 STEPS COUNTER 

00040 STEPE EQU. $0S1 STEP-EXTRA NUMBER 

00041 XSFT EQU $4 8-BIT BINARY DATA ADODR(X) 
00042 YSFT EQU $F 8-BIT BINARY DATA ADDRCY) 
00043 BASFT EQU $D 8-BIT BINARY DATA BRANCH ADDRCY)> 
00044 XCMD EQU $3 FIRST VALUE ADDR(X) 

00045 XCMT EQU $4 SECOND VALUE ADDRCY) 

00046 YCMT EQU $8 START ADDRCY) OF FIRST & SECOND VALUE 
00047 BACMT EQU $9 BRANCH ADDRCY) OF FIRST & SECOND VALUE 
00048 * 

00049 OKOHKOK SYMBOL DEFINITIONS OO OR IORI IO IO OOK OK OIC OIOIOK IK OK IOIOIOK OK KOK 
00050 * | 

000S1 TMB EQU $009 TIMER MODE REGISTER B 

00052 IFTB EQU 0.$002 © TIMER B INTERRUPT REQUEST BIT 
000S3 IMTB EQU * 1,.$002 TIMER B INTERRUPT MUSK BIT 
00054 Le EQU 0, $000 INTERRUPT ENABLE BIT 

0005S TLERL EQU $00A LOWER TIMER LOAD REGISTER 
00056 TLRU EQU $008 UPPER TIMER LOAD REGISTER 
00057 PBOTR EQU $6 R¢6) PORT TO STEPPING MOTOR 
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00058 
00059 
00060 
00061 
00062 
00063 
00064 
0006S 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
-00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
0009S 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 


0010S 


00106 
00107 
00108 
00109 
00110 
00111 
00112 
00113 
00114 


150 
150 
1S0 
150 
1S0 
000 
000 
150 


OFO 
239 
206 
180 
18A 
1AB 
189 
184 
188 
1AC 
1A8 
1AB 
1A2 
1Al 
1A0 
1A3 
1A0 
160 
331 


010 
010 
010 
010 
120 


010 


030 
037 
009 
002 
000 
037 
O3F 
O3E 
032 
031 
036 
035 
034 
033 
032 
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0000 
0002 
0004 
0006 
0008 
000A 
0008 
000Cc 


0010 
0011 
0012 
0013 
0015 
0017 
0019 
0018 
0010 
OO1F 
0021 
0023 
0025S 
0027 


0029 — 


0028 
0020 
002F 
0031 


FOO IO IOOR IOI OGIO OOOO IO IOK IOI IO IOI III OK FOR IK KKK KOK KOK AIOK 


X . * 
* VECTOR ADDRESSES * 
* * 


FOROICIOIOI IOI ICIOIORIOIOIOIIOIOIOK OK RO IOK IOI IK OIC IORI OIOR IO IORI IOIOK IO IOOIOK FOR OHO OKIOK 
* 


ORG $0000 
* 

JMPL SMMN RESET 

JMPL SMMN INTO 

JMPL SMMN INT] 

JMPL SMMN TIMER-A 

JMPL SMREV TIMER-8 

NOP 

NOP 

JMPL SMMN SERIAL 
JCOIOOIOIOOIOROK IO IOI IOIOK IORI QIOR I IOIOI IORI IOI OOOO IOOK I FOR IK IO KOK KKK 
* K 
* MAIN PROGRAM : SMMN * 
* * 


JOOOIOOOO IIR IORI IOOIIOR OIC ICO OOOO IO OOOO IOI IOI KOK IOI OKI OIOKKK 
* ; 


ORG $0010 
« 
SMMN LWI $0 INITIALIZE W REGISTER 
LAI $9 INITIALIZE WORK AREA FOR PBDTR 
LRA PBOTR INITIALIZE PBOTR 
XMAD PBSM 
REMD SMSF INITIALIZE SMSF 
LMID $B. TMB INITIALIZE TMB 
REMD IMTB INITIALIZE IMTB 
SEMD IE ENABLE INTERRUPT. 
REMD FRFLG LOAD ARGUMENT 
LMID $C. STEPU STORE ARGUMENT OF 200 STEP 
LMID $8, STEPL 
LMID $B, HTLRD INITIALIZE WORK AREA FOR TLR 
LMID $2, LTLRD 
LMID -$1.HUDTA LOAD SLUE-UP ADDRESS 
LMID $0.LUDTA | 
LMID $3,HDDTA LOAD SLUE-DOWN ADDRESS 
LMID —- $0. LDDTA 
, CALL SMCLC CALCULATE SLUE DATA 
PEND BR PEND END OF PROGRAM 
OIOIOIOROIOIOIOR OOO IOIOIOIOI IOMIOIOIOIOROROROK IOIOIOIOIOI UK OIOROIOOIOK OK IOROK HOR OK IOI OK IOI KIO IOI KOK 2K KOK 
* ; * 
* NAME : SMCLC (PROCESS DATA) . 


* * 
[OOO OK IOI ICIOIOIOIOIOIOI IO IOIO IOICIOR OOO IOI IKOIOK IO IOKOIOIOIOIOI OK OK IOK IOI OI KOK IOIOK IOHOIOKCOK 


ENTRY : STEPU (UPPER NUMBER OF STEPS) 
STEPL (LOWER NUMBER OF STEPS) 
FRFLG €1:FORWARD SLUE.O:REVERSE SLUE) 
RETURNS : HSUP CUPPER SLOW-UP DATA) 
LSUP (LOWER SLOW-UP DATA) 
HSHOLD (UPPER OPERATING DATA) 
LSHOLO (LOWER OPERATING DATA) 
SOWN C¢CSLOW-DOWN DATA) 


[a es 
**X X¥NKXEXE*X 


00115 * STEPE CREMAINDER OF STEP) * 
00116 * FRFLG CFORWARD/REVERSE SLUE FLAG) * 
00117 * SMSF (SLUE START FLAG) * 
00118 * * 
00119 OOOO ORO ORIOOOORIOR OOOO OOOO IO IO IO IOOK IOIOK ORK IOKOIOK KOK IC 
00120 18C 037 0032 SMCLC TMO FRFLG TEST IF FORWARD OR REVERSE SLUE 
00121 340 0034 BR SMCL1 

00122 231 0035 LAI $1 IF REVERSE INCREMENT STEP 

00123 OEC 0036 REC 

00124 118 O3& 0037 AMCD STEPL 

00125 194 03E 0039 LMAD STEPL 

00126 230 003B LAI $0 

00127 118 O3F OQ03C AMCD STEPU 

00128 194 O3F OO3E LMAD STEPU 

00129 233 0040 SMCL1 LAT 3 STORE 1/4 TIME OF STEP 

00130 19C O3E 0041 ANMD STEPL 

00131 194 051 0043 LMAD STEPE SET STEP-EXTRA DATA 

00132 201 0045 LBI i SET SHIFT COUNTER 

00133 190 O3& 0046 LAMD STEPL SET LOWER STEP 

00134 194 04E 0048 LMAD LSHR 

00135 190 O3F O04A LAMO STEPU SET UPPER STEP 

00136 194 O4F O04C LMAD HSHR 

00137 34F O04E BRS SMCL2 

00138 160 216 OO4F SMCL2 CALL SHR CALCULATE 1/4 TIME OF STEP 
00139 190 046E 0051 LAMD LSHR SET 1/4 TIME OF STEP 

00140 194 O3E 0053 LMAD STEPL 

00141 190 O4F OO0SS LAMD HSHR 

00142 194 O03F 0057 LMAD STEPU 

00143 120 O3F 0059 INEMD 0. STEPU 

00144 367 0058 BRS SMCL3 BRANCH IF HSTEP=/0 

00145 133 O3€ OOSC ILEMD 3.STEPL LOWER STEP DATAD=3? 

00146 367 OOSE BRS SMCL3 BRANCH IF STEP>=3 

00147 132 03E€ OOSF ILEMD 2.STEPL LOWER STEP DATA>=2? 

00148 170 101 0061 BRS SMCL1S BRANCH IF STEP=2 

00149 131 O3€ 0063 ILEMD 1.STEPL LOWER STEP DATAD=17 

001S0 3F3 0065 BRS SMCL12 BRANCH IF STEP=1 

00151 3EB 0066 BRS SMCL11 BRANCH IF STEP=0 

00152 1A4 0S0 0067 &#SMCL3 LMID 4. SCNTR LOAD 4 INTO SCNTR 

00153 1A0 044 0069 LMID 0. SOWNW CLEAR WORK AREA FOR SLUE-DOWN 
00154 1A0 043 0068 LMID 0.HSTEPW 

00155 1A2 042 0060 LMID 2, LSTEPW 

00156 190 044 O0O6F SMCL4 LAMD SOWNW STORE SLUE-DOWN DATA 

00157 281 0071 AI 1 INCREMENT SLUE-DOWN WORK 

00158 194 044 0072 LMAD SOWNW 

00159 190 043 0074 LAMD HSTEPW 

00160 194 030 0076 LMAD HAUG LOAD DATA FOR JUDGING 

00161 190 042 0078 LAMD LSTEPW 

00162 194 03C O0O7A LMAD LAUG 

00163 1A0 049 O07C LMID 0.HADD 

00164 1A4 048 OO7E LMIO 4.LAD0D 

0016S 381 0080 BRS SMCLS 

00166 160 233 0081 SMCLS CALL ADD 

00167 190 030 0083 LAMD HAUG 

00168 194 043 0085 LMAD HSTEPW 

00169 190 03C 0087 LAMD LAUG 

00170 194 042 0089 LMAD LSTEPW 

00171 190 O3F 0088 LAMD STEPU 
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00172 
00173 
00174 
00175 
00176 
00177 
00178 
00179 
00180 
00181 
00182 
00183 
00184 
00185 
00186 
00187 
00188 
00189 
00190 
00191 
00192 
00193 
00194 
00195 
00196 
00197 
00198 
00199 
00200 
00201 
00202 
00203 
00204 
0020S 
00206 
00207 
00208 
00209 
00210 
00211 
00212 
00213 
00214 
00215 
00216 
00217 
00218 
00219 
00220 
00221 
00222 
00223 
00224 
00225 
00226 
00227 
00228 


194 
190 
194 
1Al 
1AE 
398 
160 
170 
190 
194 
190 
194 
190 
194 
190 
194 
160 
048 
280 
36F 
2B1 
35B6 
2B2 
170 
1A0 
1A0 
190 
194 
190 
194 
190 
194 
1A0 
190 
194 
160 
190 
194 
190 
194 
160 
1A0 
1Al 
160 
190 
194 
190 
194 
160 
186 
010 
190 
194 
1A0 
150 
1A4 
1A0 


041 
O3E 
040 
040 
04C 


241 
109 
043 
038 
042 
O3A 
O3F 
048 
O3E 
O4A 
221 


127 
047 
046 
044 
045 
O3F 
041 
O3E 
040 
040 
044 
O4C 
241 
047 
04D 
046 
O4C 
241 
04D 
O4C 
241 
041 
039 
040 
038 
1FB 
037 


0S1 
0sO 
0S1 
OFS 
050 
047 
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0080 
OO8F 
0091 
0093 
0095 
0097 


0098 © 


009A 
009C 
OO9E 
OOAO 
O00A2 
OOA4 
OOAG 
OOA8 
OORA 
OOAC 
OORE 
OOAF 
00B0 
0081 
0082 
0083 
00B4 
O0B6 
0088 
OOBA 
OOBC 
OOBE 
00CO 
00C2 
00C4 
00Cé6 
00c8 
OOCA 
OOCC 
OOCE 
0000 
00D2 
0004 
00Dé6 
0008 
OODA 
OODC 
OODE 
OOEO 
O0E2 
OOE4 
OOE6 
OOE8 
OOEA 
OOEB 
OOED 
OOEF 
OOF 1 
OOF3 
OOFS 


SMCL6 
SMCL? 


SMCL8 
SMCL9 


SMCL10 


SMCL11 


SMCL12 
SMCL13 


LMAD 
LAMD 
LMAD 
LMID 
LMID 


BRS 


CALL 
BRS 

LAMD 
LMAD 
LAMD 
LMAD 
LAMD 
LMAD 
LAMD 
LMAD 
CALL 
LAB 

ALET 
BRS 

ALEI 
BRS 

ALET 
BRS 

LMID 
LMID 
LAMD 
LMAD 
LAMD 


LMAD 


LAMD 
LMAD 


~ LMID 


LAMD 
LMAD 


— CALL 


LAMD 
LMAD 
LAMD 
LMAD 
CALL 
LMID 


LMID 


CALL 
LAMD 
LMAD 
LAMD 
LMAD 
CALL 
SEMD 
RTN 

LAMD 
LMAD 
LMID 
JMPL 
LMID 
LMID 


~ AMIN 


STEPL 
LMIN 
1,HSUB 
$E,LSUB 
SMCL6 
SUB 
SMCL16 
HSTEPW 
HCMD 
LSTEPW 
LCMD 
STEPU 
HCMT 


STEPL 


LCMT 
CMP 


0 
SMCL4 
1 
SMCL8 
z 
SMCL17 
0. HSHOLO 
0,LSHOLD 
SOWNW 
SOWN 
STEPU 
HMIN 
STEPL 
LMIN 
0.HSUB 
SDOWNW 
LSUB 
SUB 
HSHOLD 
HSUB 
LSHOLD 
LSUB 
SUB 
0.HSUB 
1,LSUB 
SUB 
HMIN 
HSUP 
LMIN 
LSUP 
SMFR 
SMSF 


STEPE 
SCNTR 
Q.STEPE 
SMCL13 
4, SCNTR 
0, HSHOLD 


1/4 STEP = 30 ? 


BRANCH IF 1/4 STEP > 30 
1/4 STEP = 2+4N (N=1-26) 7 


BRANCH IF STEPW < 1/4 STEP 


BRANCH IF STEPW > 1/4 STEP 
DEFINE OPERATING DATA AS 0 


LOAD SLUE-~DOWN DATA 
SLUE-UP DATA = 1/4 STEP ~- CSOWNW+OPERATING DATA+1) 


CSTEP-SOWN) 


CSTEP-SOWNW-SHOLD) 


(STEP-SDWNW-SHOLD-1) 


“SET FORWARD OR REVERSE DATA 


START STEPPING MOTOR 
DEFINE STEPE AS OPERATING NUMBER 


LOAD 4 INTO SCNTR 


LOAD QO INTO OPERATING DATA 


00229 
00230 
00231 
00232 
00233 
00234 
00235 
00236 
00237 
00238 
00239 
00240 
00241 
00242 
00243 
00244 
00245 
00246 
00247 
00248 
00249 
00250 


00251 


00252 
00253 
00254 
0025S 
00256 
00257 
00258 
00259 
00260 
00261 
00262 
00263 
00264 
00265 
00266 
00267 
00268 
00269 
00270 
00271 
00272 
00273 
00274 
00275 
00276 
00277 
00278 
00279 
00280 
00281 
00282 
00283 
00284 
00285 


1A0 
1A0 
1A0 
1A0 
150 
1A4 
1A0 
1Al 
150 
190 
194 
190 
194 
1Al 
1AD 
160 
190 
194 
190 
194 
1Al 
1AS 
1A? 
150 
1A0 
1Al 
150 


188 
2F4 
048 
2FS 
068 
2F6 
058 
2F? 
001 
068 
2F8 
OAF 
2F9 


046 
039 
038 
045 
OE6 
OSO 
047 
046 
OF9 
O3F 
041 
O3E 
040 
040 
04C 
241 
041 
047 
040 
046 
039 
038 
045 
OE6 
047 
046 
OBA 


002 





OOF? 
OOF9 
OOFB 
OOFD 
OOFF 
0101 
0103 
0105S 
0107 
0109 
0108 
0100 
O10F 
0111 
0113 
0115 
0117 
0119 
0118 
011D 
O11F 
0121 
0123 
0125 
0127 
0129 
0128 


0120 
012F 
0130 
0131 
0132 
0135 
0134 
0135 
0136 
0137 
0138 
0139 
013A 


LMIO 0,LSHOLD 
SMCL14 LMID O.HSUP SLUE-UP DATA = 0 

LMIO 0.LSUP 

LMID 0, SOWN SLUE-DOWN DATA = OWN 

JMPL SMCL10 
SMCL1S LMID 4,SCNTR 

LMID 0.HSHOLD LOAD 4 INTO SCNTR 

LMID 1,LSHOLO DEFINE OPERATING DATA AS 1. 

JMPL SMCL14 
SMCL16 LAMD STEPU LOAD FETCH DATA 

LMAD HMIN 

LAMD STEPL 

LMAD LMIN 

LMID 1,HSUB 

LMID $D.LSUB 

CALL SUB SHEP = 29 

LAMD HMIN 

LMAD HSHOLD 

LAMD LMIN 

LMAD LSHOLD 

LMIO 1.HSUP SET SLUE UP DATA 

LMID S.LSUP 

LMID 7. SDWN SET SLUE DOWN DATA 

JMPL SMCL10 
SMCL17 LMIO 0.HSHOLO DEFINE OPERATING DATA AS 1 

LMIO 1.LSHOLD 

JMPL SMCL9 
OOOO IOI IO IOI IOI IO IOI IOI ICICI IOI IOI II III II IIOK 
* * 
* NAME : SMREV (GENERATE STEPPING MOTOR OUTPUT) * 
* * 


NOR IOOIOICIOOIOIOIO I ICIORIOOIOOIORIOOI OI IOI ICICI IOIOIOII IIR IOIGIOI I IOI IOK IOI IOI I KOK IOK 
*«K ; 
ENTRY : HSUP CUPPER SLOW-UP DATA) 
LSUP CLOWER SLOW-UP DATA) 
HSHOLD (UPPER OPERATING DATA) 
LSHOLD (LOWER OPERATING DATA) 
SOWN CSLOW-DOWN DATA) 
STEPE CREMAINDER OF STEP) 
FRFLG (FORWARD / REVERSE SLUE FLAG) 
SMSF (SLUE START FLAG) 
RETURNS : SMSF (CSLUE START FLAG) 


a a 2 we 2) 
RENNER EH ERE 


« 
COR OIOIOIOIOROROKOIOIOIOIOIOR IOIOROK IO IOIOR IOIOR KOI IOIOIOR III IK IOI OIOK I OHORCK IO HCNCIG ICICI I ICICI 396 28 316 20 016 2 2 


SMREV REMD IFTB CLEAR TIMER-B INTERRUPT REGUEST BIT 
XMRA 4 SAVE A 
LAB 
XMRA 5 SAVE B 
LASPX 
XMRA 6 SAVE SPX 
LASPY 
XMRA 7 SAVE SPY 
XSPX 
LASPX 
XMRA 8 SAVE X 
LAY 
XMRA 9 SAVE Y 
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00286 
00287 
00288 
00289 
00290 
00291 
00292 
00293 
00294 
0029S 


00296 © 


00297 
00298 
00299 
00300 
00301 
00302 
00303 
00304 
0030S 
00306 
00307 
00308 
00309 
00310 
00311 
00312 
00313 
00314 
00315 
00316 
00317 
00318 
00319 
00320 
00321 
00322 
00323 
00324 
00325 
00326 
00327 
00328 
00329 
00330 
00331 
00332 
00333 
00334 
00335 
00336 
00337 
00338 
00339 
00340 
00341 
00342 


190 
194 
190 
194 
18E 
347 
371 
190 
206 
25). 
OEF 
198 
194 
120 
36E 
1A4 
120 
37°F 
120 
37F 
120 
3B4 
120 
3BC 
120 
3BC 
120 
304 
18C 
3F?7 
1Al 
184 
36F 
160 
2F9 
008 
2F8 
OE8 
003 
2F7 
008 
2F6 
OE8 
003 
2FS 
0c8 
2F4 
011 
190 
194 
190 
194 
1A0 
1Al 
160 
190 
194 


O31 
00A 


032 . 


008 
037 


030 


0sO0 
0s0 
050 


0S0 
039 


038 
0S1 
047 
046 
045 
037 


0s0 
037 


1FB 


039 
041 
038 
040 
040 
04C 
241 
041 
039 
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0138 
013D 
O13F 
0141 
0143 
0145 
0146 
0147 
0149 
014A 
0148 
014C 
O14E 
0150 
0152 
0153 
0155S 
0157 
0158 
01SA 
0158 
0150 
O1SE 
0160 
0161 
0163 
0164 
0166 
0167 
0169 
016A 
016C 
O16E 
O16F 
0171 
0172 
0173 
0174 
0175 
0176 
0177 
0178 
0179 
017A 
0178 
017C 
0170 
O17E 
O17F 
0181 
0183 
0185 
0187 
0189 
0188 
018D 
O18F 


SMREV1 


SMREV2 
SMREV3 
SMREV4 


SMREVS 


LAMD 
LMAD 
LAMD 
LMAD 
TMD 
BRS 
BRS 
LAMD 
LRA 
LAI 
SEC 
SMCOD 
LMAD 
INEMD 
BRS 
LMIO 
INEMD 
BRS 
INEMD 
BRS 
INEMD 
BRS 


~ INEMD 


BRS 
INEMD 
BRS 
INEMD 
BRS 
TMD 
BRS 
LMID 
SEMD 
BRS 
CALL 
XMRA 
LYA 
XMRA 
LXA 
XSPXY 
XMRA 
LYA 
XMRA 
LXA 
XSPXY 
XMRA 
LBA 
XMRA 
RTNI 
LAMD 
LMAD 
LAMD 
LMAD 
LMID 
LMID 
CALL 
LAMD 
LMAD 


LTLRD 
TLRLE 
HTLRD 
TLRU 
SMSF 
SMREV1 
SMREV4 
PBSM 
PBDTR 


1 


SCNTR 
SCNTR 
0. SCNTR 
SMREV2 
4.SCNTR 
O.HSUP 
SMREVS 
0.LSUP 
SMREVS 
O.STEPE 
SMREV6 
0.HSHOLO 
SMREV? 
0.LSHOLO 
SMREV? 
0. SOWN 
SMREV8 
FRFLG 
SMREV9 
1,SCNTR 
FRFLG 
SMREV3 
SMF 

9 i 


8 


ao nN 


S . 
oe 


HSUP 
HMIN 
LSUP 
LMIN 
0.HSUB 
1,.LSUB 
SUB 
HMIN 
HSUP 


REINITIALIZE TIMER INTERRUPTS 


TEST IF DRIVE MOTOR 
BRANCH IF SMSF = 1 
BRANCH IF SMSF = 0 
DRIVE STEPPING MOTOR 


DECREMENT EVERY 4 STEPS 


OUTPUT 4 STEPS 7? 


BRANCH IF SCNTR =/ 0 
INITIALIZE COUNTER EVERY 4 STEPS 


SLUE-UP COMPLETE 


TEST IF OPERATING COMPLETED 
TEST IF SLUE-DOWN COMPLETED 


SET FORWARD OR REVERSE DATA 
RESTORE REGISTERS 


DECREMENT SLUE-UP COUNTER 


SUP - 1 


00343 
00344 
00345 
00346 
00347 
00348 
00349 
00350 
00351 
00352 
00353 
00354 
0035S 
00356 
00357 
00358 
00359 
00360 
00361 
00362 
00363 
00364 
0036S 
00366 
00367 
00368 
00369 
00370 
00371 
00372 
00373 
00374 
00375 
00376 
00377 
00378 
00379 
00380 
00381 
00382 
00383 
00384 
0038S 
00386 
00387 
00388 
00389 
00390 
00391 
00392 
00393 
00394 
00395 
00396 
00397 
00398 
00399 


190 
194 
190 
0c8 
194 
190 
194 
1BF 
194 
048 
194 
1A0 
1Al 
160 
190 
194 
190 
194 
150 
190 
194 
1A0 
150 
190 
194 


190 


194 
1A0 
1Al 
160 
190 
194 
190 
194 
150 
231 
OEF 
198 
194 
190 
194 
190 
194 
1A0 
190 
194 
160 
190 
0c8 
190 
1BF 
194 
048 
194 
150 
18A 
150 


040 
038 
036 


03D 
035 
03C 


031 


032 
049 
048 
233 
030 
036 
O3C 
035 
16E 
051 
Oso 
0S1 
16E 
047 
041 
046 
040 
04D 
04C 
241 
041 
047 
040 
046 
16E 


045 
04S 


034 | 


030 
033 
O3C 
049 
045 
048 
233 
030 


O3C 
031 
032 
16E 


037 
171 


0191 
0193 
0195 
0197 
0198 
019A 
019C 
019E 
019F 
0101 
01A2 
0104 
01A6 
01A8 
O1AA 
O1AC 
O1AE 
0180 
0182 
01B4 
01B6 
0188 
01BA 
01BC 
01BE 
01C0 
01C2 
01C4 
01C6 
01C8 
O1CA 
O1CC 
O1CE 
0100 
0102 
0104 
0105 
01D6 
0108 
010A 
01DC 
O1DE 
O1E0 
O1E2 
O1E4 
O1E6 
01E8 
O1EA 
O1EC 
O1ED 
O1EF 
O1FO 
O1F2 
O1F3 
O1FS 
O1F7 
O1F9 


SMREV6 


SMREV? 


SMRE V8 


SMREV9 


LAMD 
LMAD 
LAMD 
LBA 

LMAD 
LAMD 
LMAD 


“LMAD 


LAB 

LMAD 
LMID 
LMID 
CALL 
LAMD 
LMAD 
LAMD 
LMAD 
JMPL 
LAMD 
LMAD 
LMIO 
JMPL 
LAMD 
LMAD 
LAMD 
LMAD 
LMID 
LMID 
CALL 
LAMD 
LMAD 
LAMD 
LMAD 
JMPL 
LAI 

SEC 

SMCD 
LMAD 
LAMD 
LMAD 
LAMD 
LMAD 
LMID 
LAMD 
LMAD 
CALL 
LAMD 
LBA 

LAMD 


LMAD 
LAB 

LMAD 
JMPL 
REMD 
JMPL 


LMIN 
LSUP 
HUDTA 


HAUG 
LUOTA 
LAUG 
$F 
LTLRD 


HTLRD 
0,HADD 
1,LADD 
ADD 
HAUG 
HUDTA 
LAUG 
LUOTA 
SMREV2 
STEPE 
SCNTR 


0. STEPE 


SMREV2 
HSHOLO 
HMIN 
LSHOLD 
LMIN 
0.HSUB 
1,LSUB 
SUB 
HMIN 
HSHOLD 
LMIN 
LSHOLD 
SMREV2 
1 


SDWN 
SOWN 
HDOTA 
HAUG 
LDOTA 
LAUG 
0.HADD 
SOWN 
LADD 
ADD 
HAUG 


LAUG 
$F 
LTLRO 


HTLRD 
SMREV2 
SMSF 
SMREV4 


SET TIMING FOR NEXT SLUE-UP 


STORE LOWER WORK FOR TLR 


INCREMENT UDTA 


SET FOR OPERATING 


DECREMENT OPERATING COUNTER 


DECREMENT SLUE-DOWN COUNTER 
SET TIMING FOR NEXT SLUE-DOWN 


 DDTA + SDWN 


STOP DRIVING STEPPING MOTOR 
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00400 OOOO OOO OOOO OOOO IORI OOO OO OOO IOI IOI KOKO #OK 


00401 x | | > 
00402 * NAME : SMFR CCALCULATE NORMAL/INVERSE ROTATION , * 
00403 x DATA) * 
00404 OOROOIOOOROIOIIOIOROOOQOIOIOK OOOO OOOO OOO OOOO IORI OI OOK OIOK HOR IOK IOHOK 
00405 18C 037 O1FB SMFR TMD FRFLG NORMAL OR INVERSE ROTATION 7? 
00406 190 030 O1FD LAMD PBSM : | 

00407 308 O1lFF BRS _ SMFR3 BRANCH IF FRFLG=1 

00408 OEC 0200 REC 

00409 OA1 0201 ROTL IF INVERSE. SET DATA FOR NEXT OUTPUT 
00410 180 030 0202 XMAD PBSM 

00411 O6F 0204 TC 

00412 307 0205 BRS SMFR2 

00413 010 0206 SMFR1 RTN 

00414 184 030 0207 SMFR2 SEMD $0,PBSM 

00415 150 206 0209 JMPL SMFR1 

00416 OEC 0208 SMFR3 REC IF NORMAL. SET DATA FOR NEXT OUTPUT 
00417 OAO0 020C ROTR ; 
00418 180 030 0200 XMAD PBSM 

00419 O6F O20F TC 

00420 312 0210 BRS SMFRG 

00421 306 0211 BRS SMFR1 

00422 187 030 0212 SMFR4 SEMD $3,.PBSM 

00423 1S0 206 0214 JMPL SMFR1 

00424 SOOO OOOO ORO OOO OOK IORI OOO OO OK OOK IO IOK IKK OK 
0042S * . * 
00426 * NAME : SHR CSHIFT 8-BIT DATA) * 
00427 »* * 
00428 OK IOROIOI OOO OIOIOROOIOIOOOR OR IOIOROIOROOR OK OOOO OOK IOIOK FORO OK ORO IO OOOO OK OK OK KOK 
00429 224 0216 SHR | LXT XSFT LOAD ADDR xX) 

00430 21F 0217 SHR1 LYI YSFT LOAD ADDRCY) 

00431 OEC 0218 REC 

00432 090 0219 SHRZ LAM LGAD BINARY DATA 

00433 OAD O21A ROTR ROTATE BINARY DATA 

00434 ODO 0218 LMADY STORE SHIFT DATA AND DECREMENT ADDRCY) 
00435 070 021C YNEI BASF T ; 

00436 319 0210 - BRS . SHR2 

00437 OCF O21E DB . ' DECREMENT SHIFT COUNTER 

00438 51% O21F BRS SHR1 ~ BRANCH UNTIL SHIFT COUNTER = $0 
00439 010 0220 . RTN ; 

00440 FOR OOO OIOIOROI OOO KOO OR IOK OOOO IO IOIOI OIOROIOROIOROIOROIOR OR IOOIOROIOK IO OK HOR OHO KOK IK 
00441 * * 
00442 * NAME : CMP (COMPARE 8-BIT BINARY DATAD Ok 
00443 * . * 
00444 OKOIOIOROROOK ORK ICO IGOR IOI OOK IO IOIOK FORO IORI IOI OR IK IOI KOK ORO KK OK K 2K 2K 2K 
00445 223 0221 CMP LXTI XCMD LOAD FIRST VALUE ADDRCSPX) 

00446 001 0222 XSPX a 
00447 224 0223 LXI XCMT LOAD SECOND VALUE NUMBER ADDR(X> 
00448 21B 0224 LYL YCMT LOAD SECOND VALUE NUMBER ADDRCY) 
00449 200 0225 LBI $0 CLEAR B 

00450 091 0226 CMP1 LAMX LOAD SECOND VALUE 

00451 014 0227 ALEM ~ DETERMINE RELATION 

00452 32A 0228 BRS CMP2 BRANCH IF A <= M 

00453 332 0229 BRS CMP4 BRANCH IF A > M 

00454 004 022A CMP2 ANEM TEST IF A =™M 

0045S 331 0228 “BRS CMP3  BRANCE IF A = M 

00456 001 022C XSPX LOAD SECOND VALUE ADDRCX) 
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00457 ODF 022D DY DECREMENT ADDORCY) 
00458 079 O22E YNEI BACMT TEST LOOP COUNTER 


00459 326 O22F BRS CMP 1 

00460 04C 0230 IB INCREMENT B (RESULT) 

00461 O4C 0231  CMP3 IB INCREMENT 8 CRESULT) 

00462 010 0232 CMP4 RTN 

00463 OOOO OOO OOOO IOI IOI IO ORIORIOIOOOIOROOIOOIOIOK HOOK ORI OOO IO IOI OHO KOK 
00464 * * 
00465 * NAME : ADD CADD 8-BIT BINARY DATA) * 
00466 * * 
00467 FORIOOOOOIOOROIOOI IOI OOOO OIORIOK OOOO OOOO OO OOOO IO I KOK IOK KOK KOK 3K 2K 0K 2K 0K 0K 
00468 OEC 0233 ADD REC CLEAR CARRY FLAG 

00469 190 048 0234 LAMD LADD LOAD LOWER ADDEND 

00470 118 03C 0236 AMCD LAUG ADD LOWER ADDEND TO LOWER AUGEND 
00471 194 03C 0238 LMAD LAUG STORE LOWER ADDITION RESULT 
00472 190 049 O23A LAMD HADD LOAD UPPER ADDEND 

00473 118 03D O23C AMCD HAUG ADD UPPER ADDEND TO UPPER AUGEND 
00474 194 03D O23E LMAD HAUG STORE UPPER ADDITION RESULT 
00475 010 0240 RTN 

00476 OIOIOIOROIOIOI IOI OI OOOO IOROIOROIOOIOROOIOOIOROI OOK IOI OIOR HOR IOI OK OOK OK IOIOK OK IOK 
00477 * * 
00478 x NAME : SUB (SUBTRACT 8-BIT BINARY DATA) * 
00479 * * 
00480 OOOO OOOO IOI OOOO ORO IOI OOK OI IOI IOIOIOIOIOIOIOIOIOIOK FOO IO IOROK ROK IOIOIOK KK 2K 2K 2K 
00481 OEF 0241 SUB SEC SET CARRY FLAG 

00482 190 04C 0242 LAMD LSUB LOAD LOWER SUBTRAHEND 

00483 198 040 0244 SMCD LMIN SUBTRACT LOWER SUBTRAHEND FROM LOWER MINUEND 
00484 194 040 0246 LMAD LMIN STORE LOWER SUBTRACTION RESULT 
0048S 190 04D 0248 LAMD HSUB LOAD UPPER SUBTRAHEND 

00486 198 0461 024A SMCD HMIN ~ SUBTRACT UPPER SUBTRAHEND FROM UPPER MINUEND 
00487 194 041 O24C LMAD HMIN STORE UPPER SUBTRACTION RESULT 
00488 010 O24E RTN 

00490 * * 
00491 »* SLUE-UP DATA TABLE * 
00492 > * 
00494 * 

0049S ORG $OF10 

00496 »* 

00497 1B? OF 10 DC $1B7 Z1ISPPS 

00498 18C OF 11 DC $1BC 2350PPS 

00499 1CO OF 12 DC $1C0 Z24S5PPS 

00S00 104 OF 13 DC $104 260PPS 

00S01 107 OF 14 OC $1C7? ZTSPeS 

00502 1CA OF 15 DC $1CA Z290PPS 

00503 1cDd OF 16 DC £1CD 30SPPS 

00504 LCF OF 17 DC SCP 320PPS 

00SO0S 101 OF18 DC $101 SS5FPS 

00506 103 OF 19 DC $103 350PPS 

00507 10S OFIA DC $105 365PPS 

00508 107 OF 18 DC $107 380PPS 

00S09 108 OF 1C DC $108 39SPPS 

00510 1DA OF 1D OC $1DA 410PPS 

00511 108 OF1E DC $108 42SPPS 

00512 1DC OF 1F DC $10C 440PPS 

00513 IDE OF 20 OC $1DE 4SSPPS 
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00514 = 10F OF 21 dC $1DF 4?70PPS 


00515 1E0 OF 22 oc $1E0O 485PPS 

00516 1E1 OF 23 DC $1E1 SOOPPS 

00517 1E2 OF 24 ; 0c $1E2 SISPPS 

00519 * . * 
00520 * SLUE-DOWN DATA TABLE * 
00521 * * 
00523 * 

00524 ORG $OF 30 

00525 * 

00526 1B2 OF 30 oC $182 200PPS 

00S27 1cO Ct” “OF31 DC $1C0 245PPS 

00528 1CA OF32 oc $1iCA 290PPS 

00529 101 OF 33 OC $101 33S5PPS 

00530 107 OF 34 pc. -. $107 380PPS 

00S31 1D8 OFS3S OC $108 42SPPS 

00532 1OF OF 36 OC $10F 470PPS 

00533 END 
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SECTION 9. USE OF COMMERCIAL KEYBOARDS 


9.1 HARDWARE DESCRIPTION 


oye eee 


Function 


Receives key data from a standard ASCII keyboard. 


Microcomputer Operation 


The HMCS404C accesses data from an ASCII keyboard using a First 
In-First Out roll buffer. Port R is selected to perform parallel 
handshaking between the INT} pin and port R. Input data is read at 
the falling edge of the STROBE signal and data is written to the 


roll buffer by input strobe interrupt. 


Peripheral Devices 


ASCII keyboard: Outputs ASCII codes and STROBE signal. 
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9.1.4 Circuit Diagram 


The interface circuit for reading data from an ASCII keyboard is shown 


in Fig. 9.1. 


MCU 
HMCS404C 


cuss S$402C 
HMCS408C 


1S2076 
HD74HC14 
. De 


22pF 


4MHz CJ MQ > 


22pF 


Rs3/I NT, 


STROBE B .B2Bs Bs Bs Bo Bz 


ASCII Keyboard 





Fig. 9.1. Reading Data from ASCII Keyboard 
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9.1.5 Pin Functions 


Pin functions at the interface between the HMCS404C and ASCII keyboard 


are shown in Table 9.1. 


Table 9.1. Pin Functions 


Active 

Level Pin Name 
Pin Name Input/ (High (Key- 
(HMCS404C) Output or Low) Function board) 
R33/INT} Input Low STROBE signal STROBE 
R40 Input — Key data input signal By 
RAl Input a Bo 
R42 Input —= B3 

- R43 Input — By 

RSO Input == Bo 
R51] Input arr Be 
R52 Input ——— Ba 


9.1.6 Hardware Operation 


The timing chart for the ASCII keyboard is shown in Fig. 9.2. If a 
key in ASCII keyboard is depressed, data and STROBE signal are output 


as shown in Fig. 9.2. 


ASCII keyboard 
pin names 


key data (Port R) 


STROBE signal rs ar 


INT] interrupt generated 





Fig. 9.2. ASCII Keyboard Timing Chart 
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9.2 SOFTWARE DESCRIPTION 


9.2.1 Program Module Configuration 


The program module configuration for reading key data from ASCII 


keyboard is shown in Fig. 9.3. 


KEYOUT 


Receive Convert 
Key Data ASCII 





Fig. 9.3. Program Module Configuration 


9.2.2 Program Module Functions 


Program module functions are summarized in Table 9.2. 


Table 9.2. Program Module Functions 


No. Program Module Name Label Function 





0 Main Program . KEYMN Receives key data from ASCII keyboard 





ny Receive Key Data KEYIN Receives key data and writes then to 
roll buffer 





2 Read Key Data . KEYOUT Reads data in roll buffer 


2 Convert ASCII TPR Converts ASCII lower case into 
upper case. 
(Refer to TPR in HMCS400 Series 
Application Note (Software Edition) 
for details) 
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9.2.3 Program Module Process Flow (Main Program) 





The flowchart in Fig. 9.4 is an example of key data input from ASCII 


keyboard performed by the program module in Fig. 9.4. 


Main Program 
KEYMN 
0 ~~ W ----| Initialize W register 
$0-PS8 
——-—--<| Clear pointer indicating key buffer 
$0>PE | 


$8—+PMR ~~~! Select INT, input pin 


o~IM1 Seas Ea: Clear interrupt mask 


l1-~ IE —-——-—-—| Enable interrupts 


KEYOUT | 
<BR> ae Test if data is not completed on the key 
buffer 
ST=0 


Exchange contents of Accumulator and B 
register 


Call TPR and convert small case letters 
of ASCII into large case letters. 

(Refer to TPR in HMCS400 Series Applica- 
tion Note (Software Edition) for details) 


sy 
ae | 
uw 
oe) 
[| 


PEND 


| reac key data in key buffer 












: 
ae INT, interrupt routine 


Receive KEY DATal——-— Receive key data and write them to 
“roll buffer 





Fig. 9.4. Program Module Flowchart 
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9.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: MCU: HMCS402C/ Label: KEYIN 
Receive Key Data HMCS404C/HMCS408C 


Receives key data from ASCII key board and writes them to roll buffer. 


Arguments: : Changes in CPU | Specifications: 


Registers and Flags: 1 word = 10 bits 
None 


ROM (Words): 35 
RAM (Digits): 2 
Stack (Digits): 0 
No. of cycles: 36 
Reentrant: No 
Relocatable: No 


Interrupt OK?: No 


Not Affected 
Undefined 
Result 


Description: 
1. Function Details 


(1) KEYIN has no arguments. 


(2) Example of KEYIN execution is 
shown in Fig. 9.5. If A 
in ASCII keyboard is pressed 
as shown in part Gi) Of Fig: 
9.5. key data is written to 
key buffer as shown in part 
Of Figs. °9.56 


Specifications Notes: 
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Program Module Name: MCU: HMCS402C/ Label: KEYIN 


Receive Key Data HMCS404C/HMCS408C 





Description: Press A 
ke 
Y P 
@ Before PS ($032) [0] 
execution PE 


PE($031) [0] 


MD ($040) 
a * 
a * 


MD($O05F) | 
PS 
PS ($032) [9] 
rT] 
@® After PE($0381) [J 
execution ats 
En 
a 7 


Note: **x: hexadecimal 


Fig. 9.5. Example of Program Module 
KEYIN Execution 


(3) KEYIN calls neither the program modules nor subroutines. 
2. User Notes 
(1) Both KEYIN and KEYOUT must use the same roll buffer. 
(2) The following procedure must be performed before KEYIN execution. 


(a) Selects Port Mode register as INT}. 
(6b) Clears INT] interrupt mask bit. 
(c) Sets bit IE to enable INT] interrupt. 


3. RAM Allocation 





Fig. 9.6. RAM Allocation 
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Program Module Name: : MCU: HMCS402C/ Label: KEYIN 


Receive Key Data HMCS404C/HMCS408C 





Description: 
Label RAM Description 
b3 bO 
NJ 
PE WW Ending pointer indicating key data is 
N set to end of key buffer 
MD ($031) 


b3 


bO 
PS Uy Starting pointer indicating start address 
Li, 


of unprocessed key data in key buffer 
~MD($082) 


MD($04F) MD ($040) 


eae a --- Key buffer to which 16 bytes key data 
saad will be set 


MD($05F)  MD($050) 


4. Sample Application 


LMID $0, PS 

eeecccccvecvecesseese Clear RAM to be used 
LMID $0, PE 
LMID $8, PMR creccerreeeesceeceees Initialize INT, 
REMD IM1l resseereeeerrerreoees Clear INT, interrupt mask 
S EMD I E PULTE rere ee CTT Tee Enable interrupts 


5. Basic Operation 
(1) Input/output to/from roll buffer. 
(a) Calls program module KEYIN at every INT, interrupt and stores key 
data in key buffer. Then, calls program module KEYOUT in main 
program and fetches key data from key buffer. 


(b) Clears starting pointer PS(RAM) and ending pointer PE(RAM) and 
stores key data in key buffer starting address. 
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Program Module Name: MCU: HMCS402C/ Label: KEYIN 


Receive Key Data HMCS404C/HMCS408C 





Description: 
(c) Program module KEYIN stores 1 byte of key data in 16-byte buffer 
area pointed by PE(RAM), and increments PE(RAM). 
(d) Program module KEYOUT fetches 1 byte from 16-byte buffer area 
pointed by PS(RAM) and increments PS(RAM). 
(e) PS (RAM) and PE(RAM) become "0" if they are incremented till 15 


bytes because the buffer area is lo6-byte long. 
(2) Input to key buffer 


(a) Program module KEYIN loads PE(RAM) into Accumulator and 
increments Accumulator. Then, compares Accumulator content 
with PS(RAM). If (Accumulator)=PS(RAM), key data is not stored 
in key buffer. 

If (Accumulator) # (PS), key data is stored in key buffer and 
PE (RAM) is incremented. 


(b) Key buffer can be used up to 15 bytes. 
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Program Module Name: MCU: HMCS402C/ Label: KEYIN 


Receive Key Data HMCS404C/HMCS408C 





Flowchart: 
KEYIN 


A 

eo] 

< 
AE 


0O-IF1 ----| cree: interrupt request flag 


AXMR ($F ) 
SPXA 
AoMR ($E) 
X-~S PX 
———w-—| Save Register 


SPX->A 


A@MR ($D) 


AMR ($C ) 


PoE =A 


Increment end pointer 


A+$1—-A 


AFP S 
Test if key buffer is full 


~ 
u! 
> 


tl 
a) 
n 


KEYIN1 |A#PS 
A- PE 


| 
1 
| 
| 
fo ek ey ge el 


Load end pointer into Y register 
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Program Module Name: MCU: HMCS402C/ Label: KEYIN 


Receive Key Data HMCS404C/HMCS408C 





Flowchart: 


R5-A 


Load upper digit of key data into key 
buffer 


$ 4—>X 


R4-7A 


Load lower digit of key data into key 
buffer 


§ 5 > X 


> > > > 
1 L L 4 (~ ) 
~ a 2 Kd 


MR(C$C)PA 


MR($E)@A 


Restore register 


XS PX 


MR($D)eA 





MRC $F)@A I. 


> 
1 
rs 


RTNI 
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| 
| 


Program Module Name: Read Key Data 


Function: 


Reads key data from key buffer. 


Arguments: 
cane 4 bits 


No. of 
Digits 


1 digit = 
storage 


Contents Location 


Entry 


Unprocess- 
ed key A, B 
data 
Unprocess~ 
ed key 
data 


existence 


ST 
(STATUS) 


Description: 


1. Function Details 


(1) 


Argument details 


A : Loads upper digit of 
unprocessed key data 
into key buffer. 


Loads lower digit of 
unprocessed key data 
into key buffer. 


Specifications Notes: 


198 HITACHI 


Changes in CPU 


MCU: HMCS402C/ KEYOUT 


HMCS404C/HMCS408C 


Label: 


Specifications: 


Registers and Flags: 


1 word = 10 bits 


ROM (Words): 15 
RAM (Digits): 2 
Stack (Digits): 4 


No. of cycles: 17 


Reentrant: No 


Relocatable: No 


Interrupt OK?: Yes 


Not Affected 
Undefined 
Result 


PS(RAM) PS 


($032) 


PE (RAM) PE 
($031) 


tet faletads 
4{ — fifefail x 
te tT 
PE PS 
$ 
ST A B 
Gb] f} G 


Example of Program Module 
KEYOUT Execution 


Before 
execution 


@ After 
execution 


Fig. 9.7. 





Program Module Name: Read Key Data MCU: HMCS402C/ Label: KEYOUT 


HMCS404C/HMCS408C 





Description: 
ST: Indicates existence of unprocessed key data in key buffer. 
ST=0: Unprocessed data is in key buffer. 
ST=1: No unprocessed data is in key buffer. 


(2) Example of program module KEYOUT execution is shown in Fig. 9.7. 
After indicating program module KEYOUT, load unprocessed key data 


into A, B RAM. 
(3) KEYOUT calls neither the program module nor subroutine. 
2. User Notes 


Both KEYIN and KEYOUT must be executed in pair. 


3. RAM Allocation 





Fig. 9.8. RAM Allocation 


Label RAM Description 





b3 bO 
PE | WG | Ending pointer indicating key data is 
SS set to end of key buffer 
MD( $081) 
b3 bO Starting pointer indicating start 
V7 . 
PS YH address of unprocessed key data in key 
Lis buffer 
MD ($032) 
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Program Module Name: Read Key Data 


MCU: HMCS402C/ — |Label: KEYOUT 





HMCS404C/HMCS408C 





Description: 


4. Sample Application 


LMID 0, PS 
see eceececeeees Clears RAM to be used 
LMID 0, PE | 
LMID 8, PMR ceccesesoresers Initialize INT} 
REMD EMR; «| weegretinegtaceny Clears INT, interrupt mask 
S EMD | es rai a Enable interrupt 
KEMN1 CALL KEYOUT 
sresanens Call program module KEYOUT 
BR KEYMN1 
LYA 
XSPY \ 
LAB 
pe, . ite gto Store unprocessed data in return 
. argument into RAM area 
LASPY : 
LBA 


LAY - 


5. Basic Operation 


(1) Input/output to/from key buffer. 
See (1) of 5. Basic operation in program module KEYIN for details. 


(2) Output from key buffer. | 


(a) Program module KEYOUT tests if valves in starting pointer PS (RAM) 
and values in ending pointer PE(RAM) are equal. 


(b) In case of PS(RAM)=PE(RAM), no key data is in key buffer and 
bit C is set. 


(c) In case of PS(RAM)#PE(RAM), key data is fetched from key buffer 
pointed by PS(RAM), and PS(RAM) is incremented. 
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Program Module Name: Read Key Data MCU: HMCS402C/ Label; KEYOUT 
HMCS404C/HMCS408C 





Flowchart: 


KEYOUT 


KEYOUT 






Test if unprocessed data is in key buffer 


- starting pointer 


Load lower digit of key buffer into B 
register 


(PS )=(PE) 


Load upper digit of key buffer into 
accumulator 


Clear status flag 





KEYOT 2 
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9.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


9.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 1O0F 0000 LLEN 132 

00002 TITLE UTILIZING COMMERCIAL KEYBOARDS 

00003 * 

00004 HOR HOOK RAM ALLOCATION OOOO OOK OR OOK OK OK OK KOK IOK IOIOKOK 
0000S * 

00006 PE EQU $031 ROLL BUFFER END POINTER 
00007 PS EQU $032 ROLL BUFFER START POINTER 
00008 > 

00009 OROIOK SYMBOL DEFINITIONS OOOO OOO IOI OK KIO OK IOIOK OKOKOK IK KOK 
00010 * 

00011 PMR EQU $004 PORT MODE REGISTER 

00012 TP] EQU 0.$001 INTERRUPT REQUEST FLAG 
00013 IM1 EQU 1,.$001 INTERRUPT MODE FLAG 
00014 IE EQU 0.$000 INTERRUPT ENABLE 

0001S OOOO OR OOK IOC OOOO OOOO IO OIRO ORI OK I IOI OIOK 2K KK 
00016 * K 
00017 * VECTOR ADDRESSES * 
00018 * * 
00019 OOOO OOO IOI IO IOI OGIO OK FOR IOI OK ORO OIOK OK I IO OK HOI IOK KOK I 
00020 »* 

00021 ORG $0000 

00022 * 

00023 150 010 0000 JMPL KEYMN RESET 

00024 150 010 0002 JMPL KEYMN INTO 

00025 150 028 0004 JMPL KEYIN INT1 

00026 1S0 010 0006 JMPL KEYMN TIMER-A 

00027 150 010 0008 JMPL KEYMN TIMER-8B 

00028 OOOO OOOO OR IOOOIGORIOIORIOR IGOR OOOO IORI OOK OK IOK IOI HOR K 
00029 * . %* 
00030 * MAIN PROGRAM : KEYMN * 
00031 * * 
00032 OOOO OO IOI IOOI IORI OK OOK OOOO OOK IORI IOI OK OK IORI HOR I 
00033 * 

00034 ORG $0010 

00035 * 

00036 OFO 0010 KEYMN LWI $0 INITIALIZE W REGISTER 
00037 1A0 032 0011 LMID O.PS CLEAR RAM 

00038 1A0 031 0013 LMID O.PE 

00039 1A8 004 0015S LMID 8.PMR SELECT INT1 

00040 189 001 0017 REMD IM1 CLEAR INTERRUPT MASK 
00041 184 000 0019 SEMD Le ENABLE INTERRUPTS 

00042 160 04B 0018 KEYMN1 CALL KEYOUT READ BUFFER DATA 

00043 318 0010 BR KEYMN1 TEST IF READ 

00044 O0D8 OO1E LYA EXCHANGE A AND B 

00045 002 OO1F XSPY 

00046 048 0020 LAB 

00047 008 0021 LYA 

00048 058 0022 LASPY 

00049 0C8. 0023 LBA 

00050 OAF 0024 LAY 

00051 160 OSB 0025S CALL TPR CONVERT ASCII LOWERCASE INTO UPPERCASE 
000S2 S2¢ 0027 PEND BR PEND 
000S3 OOO OOOO OOOO IORIOOIOOOIC OK OK HOR IO IO IOC OK IOI OK HOR OK KOK 
000S4 * * 
000S5 * NAME : KEYIN CRECEIVE KEY DATA) * 
00056 * * 
000S7 OOOO OR IO OOO IOR OOK OOOO IO OR ORO OK FOO IOI IOI ROK OK IOHIOK 
00058 * * 
00059 * ENTRY : NOTHING * 
00060 * RETURNS : NOTHING K 
00061 * * 
00062 OOO OOO OOOO OOO IOC OO IOI IOI I IOIOK KOK OK KOK OK KKK KCK 4 OK CK 2K KOK 
00063 188 001 0028 KEYIN REMD IF 1 CLEAR INTERRUPT REQUEST FLAG 
00064 2FF 002A XMRA $F SAVE REGISTER 

00065 068 0028 LASPX 

00066 Zee 002C XMRA $E 

00067 001 0020 XSPX 

00068 068 002E LASPX 

00069 2FD 002F XMRA $D 

00070 OAF 0030 LAY 

00071 Z2FEe 0031 XMRA $C 

00072 190 031 0032 LAMD PE INCREMENT END POINTER 
00073 281 0034 AI $1 

00074 104 032 0035 ANEMD PS TEST IF KEY BUFFER IS FULL 


0007S 339 0037 BR KEYINI 


202 HITACHI 


00076 342 0038 BR KEYIN2 


00077 194 031 0039 KEYIN1 LMAD PE LOAD END POINTER INTO Y REGISTER 

00078 008 0038 LYA 

00079 255 003C LAR $S LOAD UPPER DIGIT OF KEY DATA INTO KEY BUFFER 
00080 224 0030 LXI $4 

00081 094 O03E LMA 

00082 254 OO3F LAR $4 LOAD LOWER DIGIT OF KEY DATA INTO KEY BUFFER 
00083 225 0040 LXI $S 

00084 094 0041 LMA 

oo0ss 2FC 0042 KEYIN2 XMRA $C RESTORE REGISTERS 

00086 008 0043 LYA 

00087 ZFE 0044 XMRA $E 

00088 OE8 0045 LXA 

00089 001 0046 XSPX 

00090 2FD 0047 XMRA $D 

00091 OE8 0048 LXA 

00092 2FF 0049 XMRA $F 

00093 011 004A RTNI 

00094 OOOO IORIOROOIOIORIOORIOIOROIOR IOI OR IORI OK IOI OOK IOOIOK HOR OK HOR KOK K 

00095 * * 

00096 * NAME : KEYOUT CREAD KEY DATA) >* 

00097 »* > 

00098 OOOO IORI OOO IOI IO IORI OOO OOOO OOOO OK ORI OOIOK OK KOK IK 

00099 x x 

00100 * ENTRY : NOTHING »* 

00101 * RETURNS : ACCUMULATOR 8B REGISTER (KEY DATA) >K 

00102 >» STATUS CST=0;: TRUE. ST=1;FALSE) > 

00103 * * 

00104 OR OIOIOIOGIOIOIOOK FOR IOOIOOOOOR OOOO FOR IOIOIOIOR IOIOK KOR IOK IOR IOIOK 3K 

00105 190 032 0048 KEYOUT LAMD PS START POINTER = END POINTER ? 

00106 104 031 0040 ANEMD PE 

00107 S51 OO4F BR KEYOT1 

00108 35A 0050 BR KEYOT2 

00109 281 0051 KEYOT1 AI $1 INCREMENT START POINTER 

00110 008 00S2 LYA 

00111 194 032 0053 LMAD PS 

00112 224 00SS LXI $4 LOAD LOWER DIGIT OF KEY BUFFER INTO B REG 
00113 OcO 0056 XMB 

00114 225 0057 LXI $5 LOAD UPPER DIGIT OF KEY BUFFER INTO ACCA 
00115 090 0058 LAM 

00116 280 0059 Al $0 CLEAR STATUS FLAG 

00117 010 005A KEYOT2 RTN 

00118 OOOO ICICI IO OOOO IOI OR IORI IO OR IOI IO IORI OK IOI NOK IOIOICIOHIK IK 

00119 * > 

00120 * NAME : TPR (CONVERT ASCII LOWERCASE INTO > 

00121 *x UPPERCASE) >* 

00122 * * 

00123 OOOOIO IOI IOI IO IORI IOR IO IOI IOI IO OK OKI OIOK 2K 

00124 »* * 

0012S * ENTRY : A CUPPER 4 BITS OF ASCII LOWERCASE) > 

00126 *x B «LOWER 4 BITS OF ASCII LOWERCASE) « 

00127 * RETURNS : A CUPPER 4 BITS OF ASCII UPPERCASE) * 

00128 »K B (LOWER 4 BITS OF ASCII UPPERCASE) > 

00129 * OK 

00130 OOO OR IOI IGOR OOK RIO ICIOR IO IO IO OI IOIOR IOI IOK OK IOI IOIOI OK 

00131 008 00SB TPR LYA LOAD UPPER 4 BITS OF ASCII LOWERCASE 
00132 048 oosc LAB LOAD LOWER 4 BITS OF ASCII LOWERCASE 
00133 076 00S) YNET $6 UPPER 4 BITS OF ASCII LOWERCASE=$6 ? 
00134 364 OOSE BRS TPR3 BRANCH IF UPPER 4 BITS OF ASCII LOWERCASE =/$6 
00135 280 OOSF ALETI $0 LOWER 4 BITS OF ASCII LOWERCASE =<$0 7 
00136 363 0060 BRS TPR2 BRANCH IF LOWER 4 BITS OF ASCII LOWERCASE =<$0 
00137 OAF 0061 TPR1 LAY LGAD A FROM Y 

00138 28E 0062 AI $E CONVERT LOWERCASE INTO UPPERCASE 

00139 010 0063 TPR2 RTN 

00140 077 0064 TPR3 YNEI $7 UPPER ASCII =$7 ? 

00141 363 0065S BRS TPR2 BRANCH IF UPPER 4 BITS OF ASCII LOWERCASE 
00142 2BA 0066 ALEI $A LOWER 4 BITS OF ASCII LOWERCASE =<$A 7 
00143 361 0067 BRS TPRI BRANCH IF A = < $A 

00144 363 0068 BRS TPR2 BRANCH IF A> $A 

00145 * 

00146 END 
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SECTION 10. CLOCK SYNCHRONOUS SCI (EXTERNAL CLOCK) 
10.1 HARDWARE DESCRIPTION 


10.1.1 Function 
(1) Receives ASCII sent from master as clock synchronous serial data 
using the HMCS404C, converts the received data from ASCII 
lowercase into uppercase and sends it to the master system. 
(2) Converts ASCII lowercase into uppercase, if lowercase is 
received. | 


(3) Uses protocol in which data is sent from master system first. 


10.1.2 Microcomputer Application 
(1) Transfers data to/from master system using clocked synchronous 
serial communication interface (hereinafter, SCI). 
(2) Transfers data by sending master receives request to master 
system and receiving transfer clock from master system using 
port D. 
(3) Outputs port Do slave receives request signal and informs 


data transfer to slave system. 


10.1.3 Circuit Diagram 


MCU 
HMC S404C 
Ge) 
HMCS408C 


resp 


182076 
HD74HC14 
i>e >a >< 


22pFr 
51 
OSC, 
4mMHz CD lm 
OSC? 
22pF 


23 GND 


"| Slave receives request signal ,, 
D 


. Ld 0 
Master receives request Signal 55}, 
1 


IMaster SI 
system QO 34, /SI request signal 


25RR 42/SO 
DUK 33 


| | 
| l 
enemas 


Rao/SCK 





Fig. 10.1. SCI Serial Communication 
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10.1.4 Pin Functions 


Pin functions at the interface between the HMCS404C SCI pins and 


master system pins. 


Table 10.1. Pin Functions 





Active 
Level Pin Name 
Pin Name Input/ (High eee 
(HMSC404C) Output or Low) Function System 
R4g/SCK Input Low Inputs transfer clock when Serial 
receiving/sending serial clock 
data 
Rg /SI Input — Inputs serial data Serial 
data 
output 
R42/SO Output — Outputs serial data Serial 
data 
input 
Dj} Output Low Requests transfer clock to Master 
output to master system receives 
request 
signal 
Do Input Low Inputs transfer clock Slave 
request from master system receives 
and output clock if low request 
Signal 
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10.1.5 Hardware Operation 


SCI timing chart is shown in Fig. 10.2. 


Holds SRU:SRL data to be sent 


Master receives 
request signal (Dj) 


Transfer SCK 


\ 
so REseX_ XX XX __X_AMSB 
— data to master system 


Slave receives 
request eet Ola aoe ee ee ed 


SCK . 


ial ae, | ESB] XX A __X__A_XMSB 


Receives data 
input latch 
timing . 


Set IFS. 





Figs.10.2%.. .SCl Timing Chart 


10.2 SOFTWARE DESCRIPTION 
10.2.1 Program Module Configuration 


The program module configuration for SCI communication with master 


system is shown in Fig. 10.3. 


SCISMN 


Main 
Program 


SCISTR 


sCI Slave Convert ASCII Es 
Receive/ Lowercase into 
Transfer Uppercase 





Fig. 10.3. Program Module Configuration 
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10.2.2 Program Module Functions 


Program module functions are summarized in Table 10.2. 


Table 10.2. 


No. 





Program Module Name 


Main Program 


SCI Slave Receive/ 
Transfer 


Convert ASCII 
Lowercase into 
Uppercase 


Label 


SCISMN 


SCISTR 


TPR 





Program Module Functions 


Function 


Communicates with master system 
using clocked synchronous interface 
SCI 


Receives data from master system 
using external clock 


Converts ASCII lowercase into 
uppercase. (Refer to TPR in 
HMCS400 Series Application Note 
(Software Edition) for details) 
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10.2.3 Program Module Application (Main Program) 


Flowchart in Fig. 10.3 is an example of receiving ASCII from master 
system, converting ASCII lowercase into uppercase and sending it to 


master system, performed by the program module in Fig. 10.3. 


Main program 


SCISMN 


SCISMN 


$07W | Initialize W register 


$0-SCISOK 


; 
fe oH -+— fa pl oot ptt -—--—-_L__-—___—, ;> 


DN 


$0-SCIMTD Initialize RAM to be used 


$0—-SCIMEF 


# 

Oo 

L 
aM 
QQ 
pond ponent 
> > 
aw 
re 


$1—>Do Initialize Port Do 


$1—D, 


—j Initialize Port Dj 


Select receive mode 


$2 + PMR 
Select external clock 


$F -— SMR 


0- IFS 


Clear SCI interrupt reguest flag 


0—- IMS 


Clear SCI interrupt mask 


1-~ IE aes 


Enable interrupt 


| Ss T S§S = Start SCI 
C1 koe 0, SCISOK 
Ksersox Ce) Test if data is received from master 
system 
0, SCISOK 
=0 


Fig. 10.4. Program Module Flowchart 


208 HITACHI 


0, SCIMTD 


stem 


0, SCIMTD 
=] 
Do = 0 


Test if sending data 











Test if slave receive requested 
Do=1 


SCIASU 
> SRU 





Load sending data into serial data 
register 


| 
| 
se 


Select sending mode 


| 
| 
! 


Clear sending data flag 
set sending data flag 


Master received request = 0 


SCISM4 0, SCIMEF 


= 


SCISM5 


Test receiving complete flag 


1—-SCIMTD = 


Set sending data flag 


Clear receiving complete flag 


0-SCIMEF 


eo SCISM6 


SCISRL-B 


carne Load TPR entry argument 
SCISRU-A 


Fig. 10.4. Program Module Flowchart (Cont) 
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Call TPR and convert ASCII lowercase 
into uppercase. (Refer to TPR in 
HMCS400 Series Application Note 
(Software Edition) for details) 


Store return argument of TPR in RAM 


SCI interrupt routine 


data 


Receive/Transfer ae eee SCISTR and sending/receiving 


data to/from master system 


Fig. 10.4. Program Module Flowchart (Cont) 


10.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: SCI SLAVE MCU: HMCS402C/ Label: SCISTR 
TRANSFER/RECEIVE HMCS404C/HMCS408C 





Function: 
(1) Input serial clock and receives data from master system. 


(2) Permits outputting when slave system cannot output serial clock. 


Arguments: te ; Ch es in Specifications: 
arguments : 1 digit = 4 bits Cnanges in CPU epecifications: 


Storage No. of Registers and Flags: 1 word = 10 bits 


Contents Location Digits 


ROM (Words): 295 
Entry : RAM (Digits): 4 
Stack (Digits): 0 
No. of cycles: 20 
Reentrant: No 
Relocatable: No 


Interrupt OK?: Yes 
; SCISRV : 
Received 
data sc 
(RAM) 
End of SCIMEF 


received 


W 
CA ST 
(RAM) 
: Not Affected 


@ 
x : Undefined 
¢ : Result 


Description: 
l. Function Details 


(1) Argument details 


SCISRV (RAM): Contains data 
SCISRL sent from master . prt. 0 


system. 
Y SCISRU: 7 S64 
SCIMEF (RAM): Indicates @ Return | SCISRL 
- e 
existence of argument aenaeay) 


received data. 
SC IMEF 


($01) 
Fig. 10.5. Example of SCISRD Execution 


Specifications Notes: (1) "No. of cycles" in "SPECIFICATIONS" represents the 
number of cycles are needed when having no wait time for receiving data. 
(2) Reset interrupt request flag with SOFTWARE in interrupt routine. 
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Program Module Name: scr MCU: HMCS402C/ : SCISTR . 


TRANSFER /RECEIVE HMCS404C/HMCS408C 





Description: 
SCIMEF (RAM)=l1: Data is received from master system. 
SCIMEF (RAM)=0: No data is received from master system. 


(2) SCISTR execution stores contents of SCI data register in SCISRU (RAM) 
and SCISRL(RAM) . 


(3) SCISTR calls neither program modules nor subroutines. 
2. User Notes 
(1) When program module SCISTR is used, resetting system (in case of 
power on reset, supplying power) should be performed from master 


system. 


(2) Program module SCISTR should be called before master system begins 
to send data. 


3. RAM Allocation 





Fig. 10.6. RAM Allocation 


Label RAM Description 
b3 bO 
SCLSOK Y Flag indicating if data is received 
ve Yy from master system 
MD ($030) | 
b7 bO 


SCISRU: SCISRL 7 N\S | 
| sole Store data sent from master system 


: — b3 bO 
SCIMEF ; HN Flag indicating existence of receives 
| data 
MD($035) 
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Program Module Name: ccr SLAVE HMCS402C/ Label: SCISTR 


TRANSFER /RECEIVE HMC S404C/HMCS408C 





Description: 


4. Sample Application 


SEDD Sr jj teases Set Port Dy to High 
LMID $2, PMR —e_ssrvstnsens Select received mode 
LMID $F, SMR  —__reeteseeses Load clock source into external clock 
REMD TFS tatesesseees Clear SCI interrupt request flag 
REMD IMS jj. s#sted¥etee Clear SCI interrupt mask 
SEMD TE tat ee teem Enable interrupt 
TMD $0, SCIMEF 
BR BOOP vr ctebter Test if receiving completed 
BR LOOP 2 
LOOP 1 LMID S05. SC LME PF <svietsee* Clear flag indicating receive 
LOOP? LAMD SCISRL completion 
MBA j=  — — “Beem aasedecisinayis Load receives data into Accumulator 


LAMD SCISRU and B register 


5. Basic Operation 
(1) Receives serial data using SCI interrupt routine. 
(2) In case of receiving complete, read receives data and set flag 
indicating receive completion. 
In case of sending complete, select receives mode and clear flag 


indicating send data. Set master receives request to high. 


(3) Serial interface movement is started by STS instruction. 
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Program Module Name: SCI SLAVE MCU: HMCS402C/ Label: SCISTR. 


TRANSFER/RECEIVE HMCS404C/HMCS408C 





Flowchart: 


SCISTR 


SCISTR 


A<>+MR($F) | -———- 


0, SCISOK=0 


seis — 


0, etse 
$2—> PMR [- 
0-SCISOK |[- 


Clear SCI interrupt request flag 


Save register 


Test if sending data 









x 


ul 
| 
| | 


Select received mode 


Clear flag indicating send data 


set master received request ereG to 
high 
SCIST2 


SRL 
> SCISRL 
SRU 
>- SCISRU 
1—SCIMEF 


SCISTS8 


A +> MR ($F) ———- Restore register 


RT NI 


Load content of serial data register 
into RAM 


Set flag indicating receive completion 


start SCI 


en 
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10.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


10.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 





00001 363 0000 LLEN 132 

00002 TITLE CLOCKED SYNCHRONOUS SCI CEXTERNAL CLOCK) 

00003 * 

00004 OIOK OK RAM ALLOCATION OOOO OO OR OOOO IO IO IOIOK IOIOKIOK KOK 
0000S * 

00006 SCISOK EQU $030 FLAG FOR SENDING DATA 

00007 SCISRU EQU $032 UPPER RECEIVED DATA 

00008 SCISRL EQU $033 LOWER RECEIVED DATA 

00009 SCIMTD EQU $034 SENDING DATA FLAG 

00010 SCIMEF EQU $035 RECEIVING DATA COMPLETE FALG 
00011 SCIASU EQU $036 UPPER OUTPUT DATA 

00012 SCIASL EQU $037 LOWER OUTPUT DATA 

00013 * 

00014 OK KOK SYMBOL DEFINITIONS SOOO OOOO IO IOIOR OK IOI OOOO IOIOR IOI IOK KOK 
00015 * 

00016 PMR EQU $004 PORT MODE REGISTER 

00017 SMR EQU $005 SERIAL MGDE REGISTER 

00018 SRL EQU $006 LOWER SERIAL DATA REGISTER 

00019 SRU EQU $007 UPPER SERIAL DATA REGISTER 

00020 IMS EQU 1,$003 INTERRUPT MASK OF SERTAL 

00021 LES EQU 0.$003 INTERRUPT REQUEST FLAG 

00022 I€ - EQU 0.000 INTERRUPT ENABLE FLAG 

00023 . SOOO IO OK ICIOK IOI IO OOOO IORI III OR IOIOI OR IOIOIOK IO IOIOIOROIOK IORI OIOK TOR IOIOK IOIOK 
00024 * * 
00025 *« VECTOR ADDRESSES * 
00026 * * 
00027 OOO OK OOOO IOIOIO OR IOROIOIOIOIO OGIO IO ICIOIOIOIOICIOIOIOIOKO IO OOIOIOI IOOIOIOK I OK KOK IOKOK IK 
00028 * 

00029 ORG $0000 

00030 * 

00031 1S0 010 0000 JMPL SCISMN RESET 

00032 1S0 010 0002 JMPL SCISMN INTO 

00033 150 010 0004 JMPL SCISMN INT1 

00034 150 010 0006 JMPL SCISMN TIMER-A 

00035 1S0 010 0008 JMPL SCISMN TIMER-B 

00036 000 000A NOP 

00037: 000 0008 NOP 

00038 150 OSB OOOC JMPL SCISTR SERIAL 

00039 OOOO OOO ORO OR OIRO IORI OOOO OO ROIOKR IORI OOK OK IORI OK FOR IO KOK 
00040 * * 
00041 * MAIN PROGURAM : SCISMN * 
00042 * * 
00043 OOOO OOO OOOK ORO OOOO OCOIGICIOIOIOOIOOK OOO OO HOR HOR IO ORO IOI OK OK #OKOKOK IK 
00044 * 

0004S . ORG $0010 

00046 * 

00047 OFO 0010 SCISMN LWI $0 INITIALIZE W REGISTER 

00048 1AO 030 0011 LMIO $0, SCISOK INITIALIZE RAM 

00049 1AO0 032 0013 LMID $0. SCISRU 

000S0 1AO0 033 0015 LMID $0.SCISRL 

00051 1A0 034 0017 LMIOD $0.SCIMTD 

00052 1AO0 035 0019 LMIO $0, SCIMEF 

000S3 1A0 036 0018 LMID $0, SCIASU 

00054 1AO0 037 0010 LMID $0.SCIASL 

000sS 2E0 OO1F SEDD $0 INITIALIZE O PORT 

00056 2E1 0020 SEDD $1 

000S7 1A2 004 0021 LMIO $2.PMR INITIALIZE PMR 

00058 1AF 00S 0023 LMID $F.,SMR INITIALIZE SMR 

00059 188 003 0025 REMD IFS INITIALIZE IFS 

00060 189 003 0027 REMD IMS INITIALIZE IMS 

00061 184 000 0029 SEMD IE ENABLE INTERRUPT 

00062 148 002B STS SCI START 

00063 18C 030 002C SCISM1 TMD $0, SCISOK TEST IF SENDING DATA 

00064 34D O02E BR SCISM6 

0006S 18C 034 002F TMD $0.SCIMTD TEST IF SCIMTD 

00066 333 0031 BR SCISM2 

00067 345 0032 BR SCISM4 

00068 2A0 0033 SCISM2 TOO $0 TEST IF SLAVE RECEIVE REQUESTED 
00069 336 0034 BR SCISM3 

00070 340 0035 BR SCISM6 

00071 190 036 0036 SCISM3 LAMD SCIASU LOAD SENDING DATA INTO SERIAL DATA REGISTER 
00072 194 007 0038 LMAD SRU 

00073 190 037 OQO0O3A LAMD SCIASL 

00074 194 006 O003C LMAD SRL 


HITACHI 215 














00075 1A1 004 OO0O3E LMID 
00076 1A0 034 0040 LMID 
00077 1A1 030 0042 LMID 
00078 261 0044 REDD 
00079 18C 035 0045 SCISM4 TMD 
00080 349 0047 BR 
00081 34D 0048 BR 
00082 1A1 034 0049 SCISMS LMID 
00083 1A0 035 0048 LMIO 
00084 190 033 0040 SCISM6 LAMD 
00085 0C8 OO4F LBA 
00086 190 032 0050 LAMD 
00087 160 076 0052 CALL 
00088 194 036 0054 LMAD 
00089 048 0056 LAB 
00090 194 037 0057 LMAD 
00091 150 02C 0059 JMPL. 
00092 
00093 »* 
00094 * NAME 
00095 * 
00096 
00097 * 
00098 * ENTRY : 
00099 »K RETURNS : 
00100 * 
00101 »* 
00102 * 
00103 
00104 188 003 0058 SCISTR REMD 
00105 2FF 00SD XMRA 
00106 18C 030 OOSE TMD 
00107 362 0060 BR 
00108 369 0061 BR 
00109 1A2 004 0062 SCIST1 LMID 
00110 1A0 030 0064 LMID 
00111 2E1 0066 SEDD 
00112 150 073 0067 JMPL 
00113 190 006 0069 SCIST2 LAMD 
00114 194 033 0068 LMAD 
00115 190 007 0060 LAMD 
00116 194 032 OO6F LMAD 
00117 1A1 035 0071 LMID 
00118 148 0073 SCISTS STS 

~ 00119 2FF 0074 XMRA 
00120 O11 0075S RINI 
00121 
00122 »* 
00123 * NAME 
00124 * 
0012S 
00126 0D8 0076 TPR LYA 
00127 048 0077 LAB 
00128 076 0078 YNEI 
00129 37F 0079 BRS 
00130 2B0 OO7A ALEI 
00131 37E 0078 BRS 
00132 OAF 007C TPR1 LAY 
00133 28E 007D AI 
00134 010 OO7E TPR2 RTN 
00135 077 OO7F TPR3 YNEI 
00136 3S7E 0080 BRS 
00137 2BA 0081 ALEI 
00138 37C 0082 BRS 
00139 37E 0083 BRS 
00140 * 
00141 END 
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$1,PMR 
$0. SCIMTD 
$1, SCISOK 
$1 

$0, SCIMEF 
SCISMS 
SCISM6 
$1, SCIMTO 
$0, SCIMEF 
SCISRL 


SCISRU 
TPR 
SCIASU 


SCIASL 
SCISM1 


FOKOIOOROIOIOK OIOROIOIOIOIOIOIOI OR IOIOOIOIOR IOIOIOIOOK IOIOIOROIOROIOIOIOR OK IOR OK FORO OOF OR OHOIOIOI HOH OHOK 


: SCISTR 


ROK OOOO OOOO OOOO IGOR GOR ORI OK KOKI OKI KOK KCOKOK 


NOTHING 


SCISRU CUPPER RECEIVED DATA) 
SCIROU CLOWER RECEIVED DATA) 
SCIMEF (SCIMEF=1; TRUE. SCIMEF=0;FALSE> 


IFS 

$F 

$0, SCISOK 
SCIST1 
SCIST2 
$2,PMR 
$0, SCISOK 
$1 

SCISTS 
SRL 
SCISRL 
SRU 
SCISRU 
$1, SCIMEF 


$F 


$6 
TPR3 
$0 
TPR2 


SE 


$7 
TPR2 
$A 
TPR1 
TPR2 


SELECT SENDING MODE 

CLEAR SENDING DATA FLAG 

SET SENDING DATA FLAG 

CLEAR MASTER RECEIVE REQUEST 
TEST RECEIVING COMPLETE FLAG 


SET SENDING DATA FLAG 
CLEAR RECEIVING COMPLETE FLAG 
LOAD TPR ENTRY ARGUMENT 


CONVERT LOWERCASE INTO UPPERCASE 
STORE TPR RETURN ARGUMENT IN RAM 


* 
* 
>*K 


* 


¥ XXX 


* 


SOOO OOOO OOK IOIOIOIOROROROIOR OIOK OR OOO OOK IO OK IOIOIOR OOO OK ORO OIOROIOK FORK OK KOK IK OK HOOK 


CLEAR SERIAL INTERRUPT REQUEST FLAG 
SAVE A REGISTER 
TEST IF SENDING DATA 


SELECT RECEIVING MODE 
CLEAR SENDING DATA FLAG 
SET MASTER RECEIVE REQUEST FLAG 


STORE RECEIVED DATA IN RAM 


SET RECEIVING COMPLETE FLAG 
SCI START | 
RESTORE A REGISTER 


OOIOKOOIOROIOOIOROK IOROOOIOK IOI OIOOIOOROIOK IOI OIOORIOROIOR OK OR OK HOR OO IO OK HOR I IORI ICICI IK 21 2K 9K 


* 


: TPR (COVERT ASCII LOWERCASE INTO UPPERCASE) % 


* 


OROIOIOIOROIOIOOQOOIOR OK OK OOK IOIOIOIOK OR IOI IOIOIOK OK OOK OOOO IOI OIOOOIOIO OOK HOK KOK OK OK IK HOOK OK 


LOAD UPPER 4 BIT OF ASCII LOWERCASE 

LOAD LOWER 4 BIT OF ASCII LOWERCASE 
UPPER 4 BIT OF ASCII LOWERCASE = $6 ? 
BRANCH IF UPPER 4 BIT OF ASCII LOWERCASE 
LOWER 4 BIT OF ASCII LOWERCASE =< $0 ? 
BRANCH IF LOWER 4 BIT OF ASCII LOWERCASE 
LOAD A FROM Y 

CONVERT LOWERCASE INTO UPPERCASE 


UPPER ASCII = $7 ? 

BRANCH IF UPPER 4 BIT OF ASCII LOWERCASE 
LOWER 4 BIT OF ASCII LOWERCASE =< $A ? 
BRANCH IF A =< $A 

BRANCH IF A > $A 


SECTION 11. CLOCK SYNCHRONOUS SCI (INTERNAL CLOCK) 


11.1 HARDWARE DESCRIPTION 
11.1.1 Function 


(1) Transfers clock synchronous serial data to slave system, and 
receives data from slave. 

(2) Interfaces transfer clock output pin (hereinafter, SCK), 
serial data input pin (hereinafter, SI) and serial data output 
pin (hereinafter, SO) of the HMCS404C to master pins with each 
pin of slave system. 

(3) Handshakes using transfer/receive control signal to transfer 


Or receive data. 


11.1.2 Microcomputer Applications 


(1) Transfers data to/from slave system using clock synchronous 
serial communication interface (hereinafter, SCI). | 

(2) Inputs master receives request signal port Dj from slave 
system. Outputs transfer rate clock to slave system considering 
input state and receives data. 

(3) Outputs slave receives request signal from port Do to inform data 


transfer to slave system. 
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11.1.3 Circuit Diagram 


| 
' 


Il slave 
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MCU 
HMCS404C 


Ce 
HMCS408C 


182076 
HD74HC14 
Dobe 


22pF 


4MHz CJ 1MQ a 


22pF 


Slave receives request signal 54, 


Master receives request signal ss 


SI 35 


84 
33 





Fig. 11.1. Clock Synchronous SCI Circuit 


11.1.4 Pin Functions 


Pin functions at the interface between the HMCS404C SCI pins and 


slave system are shown in Table 11.1. 


Table 11.1. Pin Functions 








Active 
Level 
Pin Name Input/ (High Pin Name 
(HMCS404C) Output or Low) Function (Slave system) 
oCK Output Low Outputs transfer clock Serial clock 
SI Input —_— Receives data Serial data 
output 
SO Output — Transfers data Serial data 
input 
Dy Input Low Inputs transfer clock Master receives 
request from slave. request signal 
Outputs clock if low 
Do Output Low Informs transfer start Slave receives 
to slave request signal 





11.1.5 Hardware Operation 





SCI timing chart is shown in Fig. 11.2. 


Transfer 


data to be sent into SRU, SRL 


Slave receives 
request signal (Do) | | | 


$0 (useX_ XX _X_X_X_X wise 


Receive Oe it Ni sends data 


Master receives | | 
request eee CO ea 


SCK 


‘A 


= | cLSBX| XXX __X__X_X_MSsB 


Receives data 
latch timing 





Fig. 11.2. SCI Timing Chart 
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11.2 SOFTWARE DESCRIPTION 
11.2.1 Program Module Configuration 


The program module configuration for serial communication with 


slave system is shown in Fig. 11.3. 


Main Program 


SCIMTR. SCMTRD 


SCI Master SCI Master 
Transfer Receives 





Fig. 11.3. Program Module Configuration 


11.2.2 Program Module Functions 


‘Program module functions are summarized in Table 11.2. 


Table 11.2. Program Module Functions 


No. Program Module Name Label Function 





O Main Program SCIMMN. Sends data to slave system and 
receive it from slave system 
without change by using the 
HMCS404C SCI | 


a SCI Master Transfer SCIMTR Sends serial data to slave system 
: | using internal clock - 


2 SCI Master Receive SCMTRD Receives data from slave system 
using. internal clock 
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11.2.3 Program Module Sample Application (Main Program) 


The flowchart in Fig. 11.4 is an example of sending serial data to 
slave system and receiving it from slave system, performed by the 


program modules in Fig. 11.3. 


SCIMMN Main Program 
$0 + W 4 initialize W register 


$0-SCISOK 


$0-SCIMOK 


7) 
) 
: A 
! 


See ee ae ee ee ee Oe a ee 


Hf 
oO 
i 
MM 
QO 
— 
AW 
oo Bae) 
re 


Initialize RAM to be used 


$0-SCIMTD 


$0-SCIMEF 


—— 


Initialize port Do 


1—D, Initialize port Dl 


1—~ IMS Clear SCI interrupt mask 


$3 +- PMR Select transfer/receive mode 


Select prescaler divide ratio as + 2 
and system clock divide ratio as = 4 


$D—- SMR 


OS es Clear SCI interrupt request flag 


o—- IMS Clear SCI interrupt mask 


| 


—) 
~ 
| 
Oo 
°o 


Enable interrupt 


$ 6 


i 
to 


Store ASCII A uppercase in B register 
and Y register 


# 
row 





Store flag indicating existence of 
sending data 


$1-SCIMTD|—— 


Fig. 11.4. Program Module Flowchart 
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SCIMTR ; --—| Execute SCIMTR 


--~-| nest receiving complete flag 
S RU . 
-~ SCISRU 
SRL 
> SCISRL 


Load receives data into SCISRU (RAM) and 
SCISRL (RAM) 


SCMTRD sci interrupt routine 


SCMTRD 


_._..| Execute SCMTRD and receiving data 
from master system 





Fig. 11.4. Program Module Flowchart (cont.) 


11.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: SCI MASTER MCU: HMCS402C/ Label: SCIMTR 
TRANSFER HMCS404C/HMCS408C 


Function: 


Sends data in B and Y register to slave system uSing internal clock. 


Arguments: Changes in CPU Specifications: 


1 digit = 4 bits 
Storage No. of Registers and Flags: 1 word = 10 bits 


Contents Location Digits 


ROM (Words): 41 
Data to os 
ey be sent : 1 RAM (Digits): 3 
Stack (Digits): 0 
Data to . 

: 43 
be sent No. of cycles 
Reentrant: No 
Relocatable: No 


Interrupt OK?: Yes 


Not Affected 
Undefined 
Result 


Description: 


B register: 
@ Entry Y register 


l. Function Details argument/1 byte data 


(1) Argument details ('C'=$43) es 


B register, Y register (RAM): SCI data SRU:SRL[ 4 3 | 
Holds data to be sent to register [4 is] 


slave system. SCK pin 
Program module SCIMTR execution 


loads entry argument content Q) Output 1 


into SRU, SRL and sends it to SO pin | | | | | | | 
slave system. 0 


SCIMTR calls neither program { f 
modules nor subroutines. bO b7 


Fig. 11.5. Example of SCIMTR Execution 


Specifications Notes: 
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Program Module Name: SCI MASTER . MCU: HMCS402C/ ee Label: SCIMTR 


TRANSFER ~ HMCS404C/HMCS408C 





Description: 
2. User Notes 


(1) Sets slave receives request signal to low and sets slave receiving 
state before program module SCIMTR execution. 


(2) When using program module SCIMTR, resetting system (in case of power 
on reset, activating power) is performed master reset firstly, then 


reset slave system secondly. 


3. RAM Allocation 





Fig. 11.6. RAM Allocation 


Label RAM Description 
b3 bO 
SCISOK — Yj Flag indicating if sending data 

| Ws 
: -MD($030) 
} b3 bO 

SCIMOK . == Flag indicating if receiving data 
MD ($031) 
— b3 bO 

Flag indicating existence of transfer 


SC IMTD 


= 


data 
MD($0384) 
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Program Module Name: SCI MASTER MCU: HMCS402C/ Label: SCIMTR 


TRANSFER HMCS404C/HMCS408C 





Description: 


4. Sample Application 


ae 4 } Set t D dad Di high 
eeeeeeseeesones e or an By 

SEDD $1 . 0 1 ag 

LMID $38, PMR crrcerseesereee Select transfer/receive mode 

LMID $D, SMR — crcceeeseseeees Select internal clock source 

LBI $ 6 . . 

TR Load data to be send into entry 
LY I $1 7 


argument 


| CALL SCIMTR = || eves Subroutine call program module SCIMTR 


5. Basic Operation 


(1) When slave receives request Signal is output, master receives request 
Signal may output from slave system with the same timing. Then, 10 Us 
software timer is executed and master receives request Signal is tested 
after slave receives request Signal is output. 


(2) Transfers receives serial data if master receives request signal is 
output. 


(3) Goes to the next step after SCI interrupt request flag is set and 
transfer/receive completes. 


(4) When serial data is received, retains transfer request in output 
state until main program processes receives data so that next data 
can not be received. 
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Program Module Name: SCI MASTER 
TRANSFER 





HMCS404C/HMCS408C 





Flowchart: 


SCIMTR 


0, SCISOK SCIMTR 
l 


0, SCISOK 
= 0 


Test if sending data 


— ae emeee 


0, SCIMOK 


=0 
Di=1 


SCIMTD SCIM1 










Test if receiving data 


os St 


0, SCIMTD=0 -_-—— Test existence of transfer data 


SCIM2 0, SCIMTD=1 


ie Z A+$4—A 


scim4| A>$F 


Request to send 


KH 


Execute 10 us software timer 


— -——_1—_, 


SCIM5 


$1-SCISOK _ 


$0-SCIMTD Palmares 


B- SRU 


Ys 3- RY 


ie © eee 


Ss T §8 eo os 


SRL (RAM) 


Start SCI 


tt, -—_1—__ 


SCIM?2 
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MCU: HMCS402C/ : : 


Set flag indicating sending data 


SCIMTR 





Test existence of master receives request 


<> > 2)-- Test if existence of master receives 
= request 


Clear flag indicating receiving data 


Store transfer data in SRU(RAM) and 


Program Module Name: sCI MASTER MCU: HMCS402C/ Label: SCIMTR 


TRANSFER HMCS404C/HMCS408C 





Flowchart: 


[=m |---| Set slave receives request 





——-—-—| Execute 10 Us software timer 


SCIM10 


SCIM11 ee 


$1-SCIMOK 






----| set flag indicating receiving data 
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MCU: HMCS402C/ Label: SCMTRD 


Program Module Name: SCI MASTER 
= RECEIVE 





HMCS404C/HMCS408C 





Function: 
1. Outputs serial clock and receives data from slave system. 


2. Permits outputting when slave system cannot output serial clock. 


Arguments: ae : Ch es in CP Specifications: 
Arguments: 1 digit = 4 bits Changes in CPU epece tes sone: 


Storage No. of Registers and Flags: 1 word = 10 bits 


Contents Location Digits 


ROM (Words): 24 


Entry RAM (Digits): 5 
Stack (Digits): 0 
No. of cycles: 21 
Reentrant: No 
Relocatable: No 


Interrupt OK?: Yes 
Receives ec tee 


data SCISRI. 
(RAM 
End of 
receives 
data 


SCIMEF 
(RAM) 


@ : Not Affected 
x : Undefined 
t : Result 


Description: 


1. Function Details 


(1) Argument details 

SCISRU,SCISRL (RAM) : 
Contains data received 
from slave. 

SCIMEF (RAM): Indicates Bit O Bit 7 
existence of receives data. | 

SCIMEF=0: No data is received SCI data register SRU: SRL 

from slave system. (2) Return SRU: SRL SCIMEF b7 _b0 


SCIMEF=1: Data is received argument SCIMEF (RAM) Lo] 


from slave system. 1 byte data 
('C'=$43) 


Fig. 11.7. Example of SCMTRD Execution 


Specifications Notes: 1. "No. of cycles" in "Specifications" represents the 
number of cycles needed when having no wait time 


for receiving data. 
2. Reset interrupt requests flag with software in interrupt routine. 
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Program Module Name: SCI MASTER MCU: HMCS402C/ Label: SCMTRD 


RECEIVE HMCS404C/HMCS408C 





Description: 


(2) Program module SCMTRD execution contains SRU,SRL contents in return 
argument accumulator. 


(3) SCMTRD calls neither program modules nor subroutines. 
2. User Notes 


(1) When program module SCMTRD is executed, set Port D; and Port Dy to 
Ls 


(2) Goes to transfer possible state in slave system before program module 
SCMTRD execution. 


3. RAM Allocation 





Fig. 11.8. RAM Allocation 


Label RAM Description 


SCISOK Yyy Flag indicating if sending data 
LL, 


SCIMOK = Flag indicating if receiving data 


MD ($031) 


b7 0 


SCISRU: SCISRL CCG 


MD($0388 ,$0382 


oO 


Stores data sent from slave system 


Li 





— 


b3 ss «wbO 


SCIMEF Flag indicating existence of receives 


data 


a 


MD ($035) 
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Description: 


4. Sample Application 


LOOP 1 


LOOP2 


5. Basic Operation 


Program Module Name: SCI MASTER 


SEDD 
SEDD 
LMID 
LMID 
REMD 
REMD 
SEMD 
TMD 
BR 
BR 


LAMD 
LMAD 


LAMD 
LMAD 





HMCS402C/— |Label: SCMTRD 
RECEIVE HMCS404C/HMCS408C 
$0 
a } Mstanesgores Set port Do and port Dj high 
$38, PMR _—_e_ tvrererereee Select transfer/receive mode 
$D,; SMR — “trerssecess Select transfer clock Ratio 
LES jj§§  “texeererses: Clear SCI interrupt request flag 
IMS_ enepigernae Clear SCI interrupt mask 
Le jj _ . weteserineses Enable interrupt. 
$0, SCIMEF 
LOOP2 — >  sreees Test if receiving flag 
LOOP1 
SRU 
SCISRU | Load receives data into accumulator 
SRL A and B register 
SCISRL 


(1) Checks slave receives request signal to test if data is received after 
outputting the signal. 


(2) Tests if master receives request signal has been output from slave 
system. 


(3) If output, sets SCI interrupt request flag, and stores serial data in 
return argument after checking that serial data is received. 
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Program Module Name: SCI MASTER MCU: HMCS402C/ Label: SCMTRD 


RECEIVE HMCS404C/HMCS408C 





Flowchart: 


SCMTRD 


SCMTRD 


——-—-+ Clear SCI interrupt request flag 
A <> MR ($F) ———+ save register 


0, SCISOK 


= <r scisoxco> ----| Test if sending data 

0 
$0->SCISOK ----| Clear flag indicating sending data 
—-—-—-]| Set slave receive request high 


SCMTR2 










$0-SCIMOK|———-| Clear flag indicating receiving data 


= 


Read receives data and store it in 
SCISRU and SCISRL (RAM) 


SRL 
> SCISRL 
$1>5>SCIMEF|/—~——-| Set flag indicating receives completion 


SCMTR3 


A <> MR ($F) ——--| Restore register 
RTNI 
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11.4 SUBROUTINES 


This application example calls no subroutines. 


11.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 37E 0000 LLEN 132 
Bnece TITLE CLOCKED SYNCHRONOUS SCI CINTERNAL CLOCK) 
3 * 
00004 9OOKOK RAM ALLOCATION OOo OOOO OK OK IORI OK KKK KOK KOK KOK 
00005 * oo 
00006 SCISOK EQU $030 FLAG FOR SENDING DATA 
00007 . SCIMOK EQU $031 FLAG FOR RECEIVING DATA 
00008 SCISRU EQU $032 UPPER RECEIVER DATA 
00009 SCISRL EQU $033 LOWER RECEIVED DATA 
00010 SCIMTD EQU $034 SENDING DATA FLAG 
are SCIMEF ~—EQU $035 RECEIVING DATA COMPLETE FLAG 
2 * 
00013 HOKHOK SYMBOL DEFINITIONS JOIOIOOIOIOI OR OOROIOIOR IOI OK IOI OK IKK 
00014 * 
00015 PMR EQU $004 PORT MODE REG. 
00016 SMR EQU $005 SERIAL MODE REG. 
00017 SRL EQU $006 LOWER SERIAL DATA REG. 
00018 SRU EQU $007 UPPER SERIAL DATA REG. 
~ 00019 IMS EQU $1.$003 INTERRUPT MASK OF SERIAL 
00020 IFS EQU $0,$003 INTERRUPT REQUEST FLAG OF SERIAL 
00021 I€ EQU $0, $000 INTERRUPT ENABLE FLAG 
00022 (OOOO IOI OGIO OOOO IO IOI IOI IOI KOKI OIOKIIOK HOOK 
00023 * * 
00024 * VECTOR ADDRESSES * 
00025 * . * 
00026 2OOOIOIOOOOOOCIOOIO OOOO OK IOI KIO IOI IOI IOI OI OK I OK I IOI OK HOR 10K OK 
00027 * 
00028 ORG $0000 
- 00029 * 
00030 150 010 0000 - JMPL SCIMMN RESET 
00031 150 010 0002 JMPL SCIMMN INTO 
00032 1S0 010 0004 JMPL SCIMMN INTi 
00033 150 010 0006 JMPL SCIMMN TIMER-A 
00034 150 010 0008 JMPL SCIMMN TIMER-B 
00035 000 _ QOOA NOP 
00036 000 - 0008 NOP 
00037 150 068 O00C JMPL SCMTRD SERIAL 
00038 ZO OOOOIOOOIOOO OOK OO IORIOOOOK OOO ORI OO IO OOO IOI OK IOIOK IOI OOK 
00039 * . * 
00040 > MAIN PROGURAM : SCIMMN te! 
00041 * * 
- 00042 . ROO OOO OOO OOK IOI I OKO OI OK IOI OK IOI OK KOK KOK KKK OK 1 KKK KK KKK OK 
00043 * 
00044 ORG $0010 
00045 * 
00046 OFO 0010 SCIMMN LWI $0 INITIALIZE W REGISTER 
00047 1AO0 030 0011 LMIO $0. SCISOK INITIALIZE RAM 
00048 1AQ 031 0013 LMID $0, SCIMOK 
00049 1A0 032 0015 LMID | $0, SCISRU 
000S0 1AQ0 033 0017 LMID $0, SCISRL 
00051 1A0 034 0019 LMID $0,SCIMTD 
00052 1A0 035 0018 LMID $0, SCIMEF 
000S3 2E0 001D SEDO $0 INITIALIZE DO PORT 
00054 2E1 OO1E SEDD $1 
_ 000SS 185 003 OO1F SEMD IMS INITIALIZE IMS 
00056 1A3 004 0021 LMID $3,PMR INITIALIZE PMR 
00057 1AD 00S 0023 LMID $0,SMR SELECT PRESCALER AS 1/2.SYSTEM CLOCK 174 
00058 188 003 0025 REMD IFS CLEAR SERIAL INTERRUPT REGUEST FLAG 
' 00059 189 003 0027 REMD IMS CLEAR SERIAL INTERRUPT MASK 
00060 184 000 0029 SEMD I€ ENABLE INTERRUPT 
00061 206 0028 LBI $6 STORE OUTPUT DATA 
00062 211 002C ya $1 ; 
00063 1A1l 034 0020 LMID $1,SCIMTO SET SENDING DATA FLAG 
' 00064 160 O3E O02F SCIMNI CALL SCIMTR OUTPUT SCI DATA 
0006S 18C 035 0031 TMO $0, SCIMEF TEST RECEIVING COMPLETE FLAG 
00066 335 0033 BR SCIMN2 
00067 32F 0034 BR SCIMN1 
00068 190 007 0035 SCIMN2 LAMD SRU STORE RECEIVE DATA IN RAM 
00069 194 032 0037 LMAD SCISRU 
00070 190 006 0039 LAMD SRL 
00071 194 033 0038 LMAD SCISRL 
00072 330 0030 PEND BR PEND END OF PROGRAM 
00073 JOOIOIOO OOOO OOOO OIC OOOO IOI IO IK OK IOK IK IK KOK 


00074 * * 
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0007S * NAME : SCIMTR (SCI MASTER TRANSFER) * 

00076 * ; *« 

00077 ROR OIOIOOIOR IOI OO OOO OIOK OKO IOK OI IO ICIOOIOROIOIOIOIO OKO OIOROIOIOIOIOIKIOROIOIOK HOROIOK 

00078 * a 

00079 * ENTRY : B REGISTER.Y REGISTER CTRANSFER DATA) * 

00080 * RETURNS : NOTHING * 

00081 * * 

00082 OOROIOKOOIOI OI OKO OR IOOK I OOIOROR GOO OOOO OI ORI OR IOI IORI OK OK IK IOK IIOK IK 

00083 18C 030 OO3E SCIMTR TMD $0, SCISOK TEST IF SENDING DATA 

00084 35E 0040 BR SCIM? 

00085 18C 031 0041 TMO $0, SCIMOK TEST IF RECEIVING DATA 

00086 SSE 0043 BR SCIM? 

00087 2Al 0044 TODO $1 TEST MASTER RECEIVING REQUEST 
00088 34? 0045 BR SCIM1 

00089 360 0046 BR SCIM9 

00090 18C 034 0047 SCIM1 TMO $0. SCIMTO TEST IF SENDING DATA 

00091 34B 0049 BR SCIM2 

00092 S555 004A BR SCIM? 

00093 260 0048 SCIM2 REDD $0 CLEAR SLAVE RECEIVE REQUEST 
00094 230 0046C LAI $0 EXECUTE IOMS SOFTWARE TIMER 
00095 284 0040 SCIM3 Al $4 

00096 350 O04E BR SCIMG 

00097 34D OO4F BR SCIM3 

00098 2A1 00S0 SCIM4 TOD $1 TEST MASTER RECEIVE REQUEST 
00099 353 0051 BR SCIMS 

00100 35F 00S2 BR SCIM8 

00101 1A1 030 0053 SCIMS LMID $1.SCISOK SET SENDING DATA FLAG 

00102 1A0 034 0055 LMID $0. SCIMTD CLEAR RECEIVING DATA FLAG 

00103 048 00S7 LAB STORE SENDING DATA IN RAM 

00104 .194 007 Q05S8 LMAD SRU 

00105 OAF OOSA LAY 

00106 194 006 O0SB LMAD SRL 

00107 148 00S5D SCIM6 STS. SCI START 

00108 010 OOSE SCIM? RTN 

00109 2E0 OOSF SCIM8 SEDD $0 SET SLAVE RECEIVE REQUEST 

00110 230 0060 SCIM9 LAI $0 EXECUTE IOMS SOFTWARE TIMER 
00111 284 0061 SCIM10 AI $4 

00112 364 0062 BR SCIM11 

00113 361 0063 BR SCIM10 

00114 1A1 031 0064 SCIM11 LMID $1, SCIMOK SET RECEIVING DATA FLAG 

00115 150 OSD 0066 JMPL SCIM6 

00116 2OIOOIOIOIOOOOO OOO IO IO OOOO OOOO ORO OI OOK IOK OK IOI I HOK IO OK KK KK 
00118 * NAME SCMTRD (SCI MASTER RECEIVE) > 
00119 * is 
00120 FOO IOI OOO OOO OOOO I OIOK IOIOROOIOIOR OOO OOK OOO IORI IO OK OK OR ORK HOR IOK OK KOK 
00121 * * 
00122 * ENTRY : NOTHING *x 
00123 * RETURNS : SCISRU CUPPER RECEIVED DATA) * 
00124 * SCISRL CLOWER RECEIVED DATAD * 
00125 * SCIMEF CSCIMEF=0: TRUE, SCIMEF=1;:FALSE) * 


00126 * = 


00127 FOROIOOIOIOROOIOIOOIOIOOOIOOIOR OOOO IOI OR IORI IGOR IO OK OK IIOK IOI OICKOK KICK IK 
00128 188 003 0068 SCMTRD REMD LES CLEAR SERIAL INTRRUPT REQUEST FLAG 
00129 2FF 006A XMRA $F SAVE A 

00130 18C 030 0068 TMD $0, SCISOK TEST IF SENDING DATA 

00131 36F 006D BR SCMTR1 ; 

00132 374 OO6E BR SCMTR2 

00133 1AQ0 030 OQOQ6F SCMTR1 LMID $0. SCISOK CLEAR SENDING DATA FLAG 

00134 2E0 0071 SEDD $0 SET SLAVE RECEIVING REQUEST FLAG 
00135 150 080 0072 JMPL SCMTR3 

00136 1AQ0 031 0074 SCMTR2 LMID $0, SCIMOK RECEIVING DATA FLAG 

00137 190 007 0076 LAMD SRU STORE RECEIVE DATA IN RAM 

00138 194 032 0078 LMAD SCISRU 

00139 190 006 QO07A LAMD SRL 

00140 194 033 OO7C LMAD SCISRL 

00141 1A1 035 OO7E LMID $1, SCIMEF SET RECEIVING COMPLETE FLAG 
00142 2° F 0080 SCMTR3 XMRA $F RESTORE A 

00143 Oll 0081 RTNI 

00144 * 

00145 END 
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SECTION 12. LIQUID CRYSTAL DRIVER (HD61100A) CONTROL 
12.1 HARDWARE DESCRIPTION 


12.1.1 Function 


Controls the HD61100A liquid crystal driver and displays "9876543210" 


on an LCD display. 


12.1.2 Microcomputer Operation 


The HMCS404C sends display data and control signals from to the 
HD61100A to display graphics on the LCD. Signals M and CL1 of the 
HD61100A and signal COMMON of the liquid crystal are controlled through 
port R7. In addition, the HD61100A control signals (signals CL2, DL) 
are controlled using the clock synchronous SCI (serial communication 
interface) of port R7 to enable sending of display data to the 
HD61100A. 


12.1.3 Peripheral Devices 


HD61100A LCD Driver: Performs static drive on an 8-segment * 


10-digit LCD. 
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12.1.4 Circuit Diagram 


LCD driver (HD61100A) control circuit is shown in Fig. 12.1. 


MCU 
HMC S 404C 


(NCS $08) 


182076 
HD74HC14 


Liquid 
ec - |common Crystal 
Yi 


HD61100A t 
Yso 


M Cli CL: DL (8-segment x 10-digit) 





Fig. 12.1. LCD Driver (HD61100A) Control Circuit 
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12.1.5 Pin Functions 


Pin functions at the interface between the HMCS404C and the 
HD61100A are shown in Table 12.1. 


Table 12.1. Pin Functions 








Pin Name 
Pin Name Input/ Active Level (HD61100A 
(HMCS404C) Output (High or Low) Function LCD) 
R71 Output —— Outputs alternate signal M 
for LCD driving output 
e RTD OutpulL.. =< Resets counter, outputs CLI 
' synchronous signal of 
latch clock for display 
data 
SCK Output. === Outputs shift clock CL2 
for display data 
SO OutpuL.. ==. Inputs display data DL 


12.1.6 Hardware Operation 


Timing chart of the HMCS404C, LCD, and the HD61100A is shown in Fig. 
12.0. | Oo 


LCD and HD61100A 
pin names 


Controlled | = | 
by I/O ports M 


Controlled by| Cl: aKa akanakae MSc TCR SR Re Se os ee FUP 


Clock 


Synchronous ina aaa ais 
Scr eG COCCOGHEROCOCT CE Gu CC E20 


Output 80 bits (10 digits) 





Fig. 12.2. Timing Chart of HMCS404C, LCD, and HD61100A 
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12.2 SOFTWARE DESCRIPTION 


T2258 Program Module Configuration 


The program module configuration for character display on LCD is 


Shown in Fig. 12.3. 


Main 
program 


H61DSP 


Display 
Character 





Fig. 12.3. Program Module Configuration 


12.2.2 Program Module Functions 


Program module functions are summarized in Table 12.2. 


Table 12.2. Program Module Functions 
No. Program Module Name Label Function 


O Main Program H61MN Performs static drive on an 
8-segment <x 10-digit LCD. 
Initializes control registers and 
data addresses used for the 
interface between the HMCS404C 
and the HDe611LOOA 


1 Display Character H61DSP Performs static drive of LCD 
using the HD611O0A and displays 
numerals 
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12.2.3 Program Module Process Flow (Main Program) 
eee ere emmaanamanaed 


The flowchart in Fig. 12.4. shows the procedure for displaying 


‘numerals on or LCD as performed by the program module in Fig. 12.3. 


Main program. 


Initialize W register 


= 
if 

Po] 

| 

= 

l 

l 

l 

| 
‘a 


Store to SO output pin 


ok 
————J/ Store to SCK output pin 


pinay 


lear Serial interrupt mask 


Call H61INT 


Enable interrupts 


4 
ts 
| 
Gee ee tae ee a ea 


Load starting address of display. RAM 


Executes pattern command for 
storing display data in RAM 






Pattern $1 


Test if all display data is stored 


Y=$F 


H61DSP 


H61DSP 


Display 
Character 


RTNI 


Fig. 12.4. Program Module Flowchart 


| a 
t °o me 
| q oe 
~< 
Pee = Gees et ane se | 





SCI Interrupt Routine 


a Execute H61DSP to display numerals on LCD 
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Fig. 12.5. Example of H61MN Execution 


HITACHI 239 


12.3 PROGRAM MODULE DESCRIPTION 










Label: H61DSP 


HMCS402C/__ 


Program Module Name: Display © 
| Character 







HMCS404C/HMCS408C 





Function: 


Sends display data to the HD61100A and displays characters on the LCD. 


Arguments: Changes in CPU Specifications: 


1 digit = 4 bits 
Storage No. of Registers and Flags: 1 word = 10 bits 


tents iy 
ee Location Digits 


ROM (Words): 5/7 
Dispaly DDATA 10 


RAM (Digits): <2 
aac (RAM) Paar he! 


Entry 
Stack (Digits): 9 
No. of cycles: 435 
Reentrant: No 
Relocatable: No 


Interrupt OK?: No 


Not Affected 
Undefined 
Result 





Description: 
. @ Entry 
1. Function Details argument 
(1) Argument details Display data 
DDATA MD($049~$040) 
DDATA(RAM): Holds 10 digits of (RAM) 


display data. 





(2) Example of H61DSP execution is 
shown in Fig. 12.6. If entry 
argument is as shown in part 
of Fig. 12.6.-characters .are 
displayed as shown in part @) 2) Reeure 
Of Fig. 12.6. 





Fig. 12.6. Example of H61DSP Execution 


Specifications Notes: 
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Program Module Name: Display MCU: HMCS402C/ Label: H61DSP 


Character HMCS404C/HMCS408C 





Description: 
(3) H61DSP calls neither the program modules nor subroutines. 
2. User Notes 
The following procedure must be performed before H61DSP execution. 
(1) Initializes clock synchronous SCI to send display data. 
(2) Sets bit IE to enable SCI interrupts. 
(3) Clears IMS. 
(4) Executes STS command to generate SCI interrupts. 


3. RAM Allocation 


t 
=) 
I 
! 
—t 


—F-- 





Fig. 12.7. RAM Allocation 





Label RAM Description 
DDATA SS = stores display data 
MD( $049) MD($040) 
b3: <b0: 
. 
CNTR WW Used as Y register pointer to display 
S data and as a counter indicating number 
MN($05E) of interrupts 
b3 b0o | | 
Y 
MFLG Uy, Used as a test flag indicating 
| LL whether M signal will be high or low 
MD(0 ,$053) 


Flag Function is shown in Table 12.3. 
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MCU: HMCS402C/ H61DSP 


HMCS404C/HMCS408C 


Label: 


Program Module Name: pisplay 


Character 





Description: 


Table 12.3. Flag Functions 


Bit/Label 
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Label Bit 0 Function 
MFLG 0 Indicates M signal is low 
a Indicates M signal is high 
4. Sample Application 
LMID $1, PMR 
LMID $B, SMR cecssesecccecscees Initialize SCI 
REMD IMS 
LMID $9, CNTR 
LAI $5 
LA $7 nese Mae Control M signal, CLI signal, common 
LAI $2 signal 
LRA $7 
-SEMD MF LG 
LAMD $049 
LBI $ 0 
P $2 
re Se Store segment data in SRL, SRV 
LAB 
LMAD SRU 
STS == seeceeccecvccccees Start SCI 
SEMD TE —=_—_—_—__ tee enenaeesees ++ Enable interrupts 


Store display data 7 
in display RAM 


ORG 
DC 


$200 
$177, $141, $1B3, $1E38, $1C5, 


Ms sie Se ign tetuatat sumeenieae Segment data 
$1E6, $1F6, $148, $1F7, $1E7 


Program Module Name: Display 


MCU: HMCS402C/ Label: H61DSP 
Character 


HMCS404C/HMCS408C 





Description: 
5. Basic Operation 


(1) 10 digits of display data are sent to the HD61100A to display numerals on 
an 8 segments x 10 digits LCD. Shift clock and data signal are controlled 
by the block synchronous SCI of the HMCS404C. 


(2) Display data is stored in display of RAM before execution. Each SCI 
interrupt executes display of 1 byte of data. 


(3) Pointer to display RAM and counter for number of interrupts are 
decremented every interrupt. CNTR(RAM) is reinitialized each time 10 
interrupts are executed. 


(4) The first enabling interrupts are performed by the main program. 
From then on, after execute SCI command SCI interrupts are generated 
automatically each time segment data are outputted. 

(5) Indicates MFLG is status of M signal of HD61100A. 

(6) Data stored at the address indicated by Accumulator and B register is 
transferred to Accumulator and B register, using the table look-up 


function of the pattern generation instruction (P). 


(7) Lower 8 bits of word stores segment data. 






Program Content of register Content of ROM 
B A | 
LAI $1 fo] »  kkecug, 
ie - aa 


P $ 2 





oN 
[=] 
[-] > 
NS 


After executing a P instruction in the above program sequence, 
$41 is contained in B register and Accumulator. 
($41 is stored in lower 8 bits of word located at $0201). 


(Note) If dotted area (bit 8) is $l as 
shown above, ROM data is 
transferred to Accumulator 
and B register after executing 
the P instruction. 
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Display | MCU: HMCS402C/ H61DSP 


Character 


‘Program Module Name: 





HMCS404C/HMCS408C 





Flowchart: 


H61DSP 


H61DSP 
Oo -? 1S: - a eae eet 


Set SCI interrupt request flag 


AOMR( $F) 
SPX ~~ A 
A@MRC SE) 
X + SPX 
——--—-— Save registers 
SPX ~~ A 
AOMR( $D) 
A@MR(C $C) 


ae 


ee 
L 
> 


Save register 


B > MR ($B) 


Decrement pointer to display RAM 


Test if interrupt has been executed 
10 times 





Reinitialize Y register pointer to display 
—_——— data and counter for number of 
interrupts 
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Program Module Name: Display MCU: HMCS402C/ Label: H61DSP 


Character HMCS404C/HMCS408C 





Flowchart: 


Test MFLG 
MF LG=1 BR 


Test whether M signal will be high or 
low 


CL1 signal = High. M signal = Low. 


$5 + R17 ae es COMMON signal = High 


$2 > R17 ~~~" COMMON signal = Low 
set MFLG 


CL1 signal = High. M signal = High. 


aie a 5 ue COMMON signal = Low 


Ll signal = Low. M signal = Low. 


C 
$1 > R1 COMMON signal = High 


17>MFLG —_-—-—-— 


0O-MFLG ae Clear MFLG 


EE signal = Low. M signal = High. 


$ 4 —> X 


Reinitialize X register pointer 


CNTR~>A 


Load display RAM pointer into Y register 


$0 > B | Read segment Data 





Pattern $2 


ro a0 
3 S 
= % 
z > . . 
| \ 
> i 
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Program Module Name: Display MCU: HMCS402C/ Label: H61DSP 


Character : HMCS404C/HMCS408C 





Flowchart: 


A> SRL 
—-—-—-—]| Store segment data in SRL, SRV(RAM) 


B-— SRU 


-— ~-| sear scl 
MR($B) > B ————| Restore register . 


MRC $C )#A 


MRC SE)*A 


— —-—-—/| Restore registers 


Xx + SPX 


MRC $D)¢A 


MRC $F DCA 


RTNI 


> > > ~” 
| Vie : O 
~< rs re ~ 
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12.4 SUBROUTINE DESCRIPTION 


Subroutine Name: Initialize MCU: HMCS402C/ Label: H61INT 
HMCS404C/HMCS408C 


Function: Stores display data 


Basic Operation: 
(1) Initializes counter, CL1, M, COMMON signal, MFLG and others. 


(2) Executes only once is this routine. 


H61INT 


H61INT 


$9-CNTR Initialize counter 


CL1 signal = High. M signal = Low. 
COMMON signal = High 


CL1l signal = Low. M Signal = High. 
COMMON signal = Low 


MD($049)—7A 


Pattern $2 Load segment data into SRL, SRV (RAM) 





Start SCI 
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12.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 





- 00001 O12. = 0000 LLEN 132 
paece TITLE LIQUID CRYSTAL DRIVER (HD61100) CONTROL 
. < . 
00004 .. ee xeOKK . RAM ALLOCATION OIRO OK OIOI OI KOK 21 KOK OK I 2K 1 OOK KOK OK ICON OK 
0000S * 
00006 CNTR EQU $OSE COUNTER FOR DISPLAY 
00007 MFLG EQU 0,$053 M SIGNAL JUDGMENT FLAG 
00008 * 
00009 WOHOKOK SYMBOL DEFINITIONS (OOOO IORI OR IOOOK IO IOI IOIOK 
00010 * 
00011 PMR EQU $004 PORT MODE REGISTER 
00012 SMR EQU $005 SERIAL MODE REGISTER 
00013 SRL EQU $006 LOWER SERIAL DATA REGISTER 
~ 00014 SRU EQU $007 UPPER SERIAL DATA REGISTER 
00015 IMS EQU 1.$003 IM OF SERTAL 
00016 IFS EQU 0.$003 IF OF SERIAL 
00017 IE EQU 0.$000 ENABLE INTERRUPT 
00018 (OOOO OOOO OOOO OOK IO IOI OIIOK KKK KK KK 31 2K 94 2K 94 9K 914 040K 2K ICI CK KICK KKK 
00019 * x 
00020 aan: x VECTOR ADDRESSES * 
00021 * ef 
00022 OK OIOIOIOIOIOIOIOI IOI OI IOIOIOIOI OK OR IOIOKIOIOK IK 21 2k 0 OK OKOK IK 2 29K OOK KOK 2ONOKOK CICK KK IC 
00023 * 
00024 ORG $0000 
0002S * 
. 00026 150 010 0000 JMPL H61MN RESET 
00027 150 010 0002 JMPL H61MN INTO 
00028 150 010 0004 JMPL H61MN INT1 
00029 150 010 0006 JMPL Hé61MN TIMER-A 
00030 150 010 0008 . JMPL H61MN TIMER-B 
00031 000 000A NOP 
- 00032 000 0008 NOP 
00033 1S0 023 O0d0C JMPL H610SP SERIAL 
00034 FROOOOOIGOOOOOOOIO OOOO OOO IOI IK IOI IK IOI KIO IOHOK I 
0003S  - * 
~ 00036 * MAIN PROGRAM: : Hé61MN . * 
00037 x Vases * 
~ 00038 (OOOO IO IOI OOOO IORI OOK IOI IIA IIOGIOO IORI OOK OK IOKIOK IKK IK 
00039 * 
00040 ORG - $0010 
00041 * 
00042 OFO 0010 H61MN LWI $0 INITIALIZE W REGISTER 
00043 1A1 004 0011 LMID 1.PMR SELECT SO 
00044 1AB 00S 0013 LMID $B, SMR SELECT SCK 
0004S 189 003 0015 REMD IMS CLEAR SERIAL INTERRUPT MASK 
00046 160 OSF 0017 CALL H61INT 
00047 184 000 0019 SEMD I€ ENABLE INTERRUPTS 
00048 219 0018 LYI $9 STORE DESTINATION 
00049 224 001C H61MN1 LXI $4 
000S0 OAF 0010 . LAY 
000S1 200 OO1E LBI $0 
00052 181 OO1F P $1 STORE DISPLAY DATA IN RAM 
— 00053 OD0 0020 LMADY TEST IF ALL DISPLAY DATA IS STORED 
00054 31C 0021 BR H61MN1 
000SS 322 0022 PEND BR PEND END GF PROGRAM . 
00056 OOOO IOI OI IOI I OK IOI IOI IORI IOI OK IORI OI IO IORI OI IOI OK IOC K 4 0k 24 06 1K 9K 24 36 94 0K 
000S7 * * 
00058 > NAME : H61DSP CDISPLAY CHARACTER) ' * 
000589 * . * 
00060 FOO OOOO OI IOOICOOIK KIO OOO IOI IOKIOK KK KK IOK 1 CK OK HK HOKIK 
00061 * * 
00062 * ENTRY : DDATA CDOISPLAY DATA) * 
— 00063 * RETURNS : NOTHING * 
00065 FOOOOOOOOR IOIOIOK OIOOOOR IOI OIOR OOK OOOO OK OKO IOI III IK 
- 00066 188 003 0023 H61DSP REMD IFS SET SCI INTERRUPT REQUEST FLAG 
00067 2FF 0025 XMRA $F SAVE REGISTERS 
~ 00068 068 0026 LASPX 
: 00069 2FE 0027 XMRA $E 
. 00070 001 0028 XSPX 
. 00071 068 0029 LASPX 
~— 00072 2FD 002A XMRA $0 
00073 OAF 0028 LAY 
00074 2FC 002C XMRA $C 
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0007S 048 0020 LAB 





00076 ‘2FB 002E XMRA $B 

00077 190 OSE O02F LAMD CNTR : DECREMENT DISPLAY RAM POINTER 
00078 28F 0021 AI $F 

00079 194 OSE 0032 LMAD CNTR TEST IF 10 TIMERS SCI INTERRUPT ARE COMPLETED 
00080 347 0034 BR H610P2 

00081. 239 0035 LAI $9 REINITIALIZE POINTER 
00082 194 OSE 0036 LMAD CNTR 

00083 18C 053 0038 TMD MFLG TEST MSIGNAL IS HIGH OR LOW 
00084 34] 003A BR H610P1 

00085 235 0038 LAI $S 

00086 207 003C LRA $7 CLi=1.M=0.COMMON=1 

00087 232 0030 LAI $2 CL1=0.M=1.COMMON=0 

00088 207 OO3E LRA $7 

00089 184 053 OO0O3F SEMO MFLG SET MFLAG 

00090 236 0041 H610P1 LAI $6 CL2=1.M=1,COMMON=0 

00091 207 0042 LRA $7 CL2=0.M=0.COMMON=1 

00092 231 0043 LAI $1 

00093 207 0044 LRA $7 

00094 188 0S3 0045 REMD MFLG CLEAR MFLAG 

00095 224 0047 H610P2 LXI $4 REINITIALIZE X REG POINTER 
00096 190 OSE 0048 LAMD CNTR LOAD DISPLAY RAM POINTER INTO Y REG 
00097 008 004A LYA 

00098 ° 090 004B LAM READ SEGMENT DATA 

00099 200 004C LBI $0 

00100 1B2 004D P $2 

00101 194 006 OOGE LMAD SRL STORE SEGMENT DATA IN RAM 
00102 048 00S0 LAB 

00103 194 007 0051 LMAD SRU 

00104 148 0053 STS SCI START 

0010S 2FB 0054 XMRA $B RESTORE REGISTERS 

00106 0c8 00ss LBA 

00107 2FC 0056 XMRA $C 

00108 0D8 00S? LYA 

00109 2FE 0058 XMRA $E 

00110 OE8 0059 LXA 

00111 001 OOSA XSPX 

00112 2FD 0058 XMRA $D 

00113 OE8 oosc LXA 

00114 2FF 00SD XMRA $F 

00115 011 OOSE RTNI 

00116 OOOO IGOORIOOOOOOOR OOO OI IO OI IO OR OI HOR IOI K FOR HOIK OK IK IK 
OO117 * * 
00118 * NAME : H61LINT CSTART SCI) >» 
00119 * : 
00120 FOIOOIOK ORO OOOO IOI OOOO OR IO ORK IORI IORI KI OK OK IOIOK 
00121 1A9 OSE OOSF H61LINT LMIO $9,CNTR INITIALIZE COUNTER 

00122 235 0061 LAT $5 CL1=1,M=0,.COMMON=1 

00123 207 0062 LRA $7 

00124 232 0063 LAI $2 CL1=0,M=1.,COMMON=0 

0012S 207 0064 LRA $7? 

00126 184 053 0065 SEMD MFLG SET MFLAG 

00127 190 049 0067 LAMD $049 LOAD SEGMENT DATA 

00128 200 0069 LBI $0 

00129 1B2 006A P $2 

00130 194 006 0068 LMAD SRL STORE SEGMENT DATA IN RAM 
00131 048 006D LAB 

00132 194 007 O06E LMAD SRU 

00133 148 0070 STS SCI START 

00134 010 0071 RTN 

00135 FOIOIOK IOROIOIOOIIOR IO IOI IOORIOIOOOIOO IOI OR IOI OR IO KORO IIOIOK I IIOK 
00136 o* * 
00137 * DATA TABLE * 
00138 * * 
00139 SOIOOOIOIOOOOROI ORO OOOO IO OOK OK IOOOIOK IOI IOI I FORK IOIOK KOK ROK OK 
00140 * 

00141 ORG $100 

00142 *« RAM DATA 

00143 100 0100 DC $100 

00144 101 0101 oC $101 

00145 102 0102 oC $102 

00146 103 0103 OC $103 

00147 104 0104 DC $104 

00148 105 0105S DC $105 

00149 106 0106 DC $106 

00150 107 0107 OC $107 

00151 108 0108 OC $108 

00152 109 0109 DC $109 

00153 * 

00154 ORG $200 

00155 * -SEGMENT DATA 

00156 177 0200 oC $177 0 

00157 141 0201 DC $141 1 

00158 1B3 0202 0C $1B3 2 

00159 1E3 0203 OC $1E3 3 

00160 1cS 0204 DC $1C5 4 

00161 1E6 0205S DC $1E6 5 
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00162 
00163 
00164 
00165 


00166 


00167 
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1F6 
143 
1lF7 
1E7 


0206 
0207 


0208 


0209 


$1F6 
$143 
S$1F7 
$1E7 


Oo O~a 


SECTION 13. HD61830 (LM200) GRAPHIC MODE 
13.1 HARDWARE DESCRIPTION 


13.1.1 Function 


Initializes graphic mode and displays dot graphics on the LM200 


liquid crystal module. 


13.1.2 Microcomputer Operation 


The HMCS404C transfers display data to the dot matrix liquid crystal 
graphic display controller LSI HD61830 (LCTC) from port R onto the 
LCTC data bus (DBo - DB7), and transmits control signals E, R/W, and 


RS through port D. Port D and port R are controlled by software. 


13.1.3 Peripheral Devices 


HD61830 LCTC: Receives control signals and display data from the 
HMCS404C and in turn controls the HM6116 Display RAM and LM200. 


LM200 Liquid Crystal Module: Receives graphic display data and 
control signals from the HD61830 LCTC. A resolution of 64 x 240 
pixels is provided in LM200 graphic mode. In this application, the 


graphic figure shown in Fig. 13.5 is displayed. 
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13.1.4 Circuit Diagram 





LCTC control circuit is shown in Fig. 13.1. 


MCU 
+5V HMCS404C 
HMCS402C 
HMCS408C 


LCTC : : 
HD61830 Liquid crystal module 


182076 
HD74HC14 


Doe 


22pF 51 


4MHz CJ Ime a 


22pF 





Fig. 13.1. LCTC Control Circuit 
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13.1.5 Pin Functions 


Pin functions at the interface between the HMCS404C and LCTC are 
shown in Table 13.1. 


Table 13.1. Pin Functions 





Pin Name Active Level Pin Name 

(HMCS404C) Input/Output (High or Low) Function (LCTC) 

Do Output High Enables signal E 

Dj Output High Reads data R/W 

Do Output High Selects instruction RS 

register 
Low Selects data register 

R10 Input/Output - Data lines DBo 

R11 Input/Output - DB} 

R12 Input/Output - | DB2 

R13 > Input/Output - DB3 

R20 Input/Output - | DB4 

R21 Input/Output - DBs 
“R22 Thput /out put 7 DBE 

R23 Input/Output - DB7 
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13.1.6 Hardware Operation 


The timing chart for interfacing between the HMCS404C and each signal 
is shown in Fig. 13.2. @ and Q) in Fig. 13.2. show timing for read 


and write. 


@ Data from LCTC can be read during @ period. 


Q) Data can be written to LCTC at the falling edge of signal E. 


LCTC pin name 


RS, R/W 


DBo ~ DB7 
(HMCS404C + LCTC) 


DBo ~ DB7 
(HMCS404C + LCTC) 





Fig. 13.2. HMCS404C LCTC Interface 
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13.2 SOFTWARE DESCRIPTION 


13.2.1 Program Module Configuration 


The program module configuration for graphic display on the liquid 


crystal module is shown in Fig. 13.3. 


L2HMN 







L2HINT 







Move 
Cursor 


Initialize 
LCTC 






Fig. 13.3. Program Module Configuration 


13.2.2 Program Module Functions 


Program module functions are summerized in Table 13.2. 


Table 13.2. Program Module Functions 


No. Program Module Name Label Function 











@) Main Program L2HMN Demonstrates graphic display on LM200 

1 Initialize LCTC L2HINT Initializes LCTC for graphic mode 

2 Move Cursor L2HMVE Initializes LCTC cursor address 

3 Write Data L2HWT Writes instructions and data to the LCTC 
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13.2.3 Program Module Process Flow (Main Program) 


The following flowchart (Fig. 13.4) demonstrates the process for 
displaying graphics on the LM200 liquid crystal display, using the 


modules described above. Fig. 13.5 shows this applications display. 


L2H M N Main program 





L2HMN . 
$0-W #£z4J-----— Initialize W register 
Execute L2HINT to initialize LCTC 
| L2HINT | eT, for graphic mode 
L2HCLR Saas | execute L2HCLR to clear display RAM 
| Clear Y register used to count the 
----- number of columns of display data 
—— written to the LM200 
$0—-DSPCTU 
ake eee Clear pointer of display data 
| $04 DSPCTL 
$0—-COUNTU 
Clear RAM counter used to indicate 
ia aii: the number of rows of display data 
written to the LM200 
$ 0O—-COUNTL — 
$0-+DTADDR | 
> ODT ADDR EA Store entry argument for L2HMVE | 
: a to initialize LCTC cursor address to 
| | $0084 | 
$ 8—-DTADDR+2 
$ 4—-DTADDR+3 
(+) L2HMN1 
L2HMVE | ----- Initialize LCTC cursor address 
oe INSTRE Store instruction for display data 
--—--- write into entry argument of | 
L2HWT 
- $0-INSTRU . 


Fig. 13.4. Program Module Sample Application 
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Store display data in entry argument 
of L2HWT 


Write display data to the LCTC through 
the I/O port 







DSPCTL+A4+CA }|___ __. 
—DSPCTL 


DSPCTU+A+CA 
— DSPCTU 


Increment pointer to display data 


Increment the counter indicating the 
number of columns of display data 
written 


Test if display data has been written 
for 5 consecutive rows 


Clear Y register 





Fig. 13.4. Program Module Sample Application (Cont. ) 
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DTADDR+3+A+CA 
—> DTADDR+3 


Add 30 to cursor address to move to 
—> DTADDR+2 next row 


DTADDR+1+A+CA 
— DTADDR+1 


$0—7A 


DTADDR+A+CA 
—>DTADDR 


OCA 


$1 7A 


COUNTL+AHCA |__| Increment RAM counter indicating how 
— COUNTL | many rows Of display data written 


SOA 


-COUNTU+A4CA 
UNTU 


| 


COUNTU 


A$ 3 < 


( 


Test if 50 rows of display data have 
COUNTL = been written 


4 
o 
aS 2 
; oo 


N 


Fig. 13.4. Program Module Sample Application (Cont. ) 
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Fig. 13.5. Result of Program Module Execution 
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13.3 PROGRAM MODULE DESCRIPTION 









MCU: HMCS402C/ | 
HMCS404C/HMCS408C 


Program Module Name: Initialize LCTC Label: L2HINT 





Function: Initializes LCTC for graphic mode. 


Arguments: None Changes in CPU Specifications: 

Registers and Flags: 1 word = 10 bits 
ROM (Words): 31 
RAM (Digits) : 2 
Stack (Digits) : 0 
No. of cycles: 1538 
Reentrant: No 
Relocatable: No 
Interrupt OK?: Yes 


e : Not Affected 
x : Undefined 
t : Result 


Description: 


1. Function Details 
(1) Program module L2HINT has no arguments. 


(2) After execution of L2HINT, the LCTC enters graphic mode and the LM200 
display screen is cleared. 


(3) L2HINT uses the subroutines shown in Table 13.3. 


Table 13.3. Subroutines Used by L2HINT 
Subroutine Name Label Name Function 


Check Busy Flag L2HBSY Checks LCTC busy flag 


Specifications Notes: 


The number of cycles indicated is the minimum number of cycles required by 
subroutine L2HBSY. 
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Program Module Name: [nitialize LCTC 


MCU: HMCS402C/ Label: L2HINT 


HMCS404C/HMCS408C 





Description: 
2. User Notes 


As this routine uses the P instruction (Pattern Generation Instruction), 
pay close attention to the data reference addresses of the data table. 


3. RAM Allocation 





Fig. 13.6. RAM Allocation 


Label RAM Description 


INTA Holds lower digit of source address 





INTB Holds upper digit of source address 





MD($03B) 


4. Sample Application 





| CALL L2ZHINT | einen Call L2HINT 
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Program Module Name: f[nitialize LCTC] | MCU: HMCS402C/ 
: HMCS404C/HMCS408C 


Label: L2HINT 





Description: 


5. Basic Operation 
(1) The instruction and data elements shown in Table 13.4 must be loaded into 
the instruction and data registers in corresponding pains to initialize 
LCTC. Program module L2HINT loads data shown in Table 13.4. 
(2) RS signal is used to switch between the two registers; 


High: Instruction register, Low: Data register 


Table 13.4. Data to be stored in LCTC 





Instruction Data Function 

$00 $32 Selects Display ON, Master mode and Graphic mode 

$01 $07 Selects 8 bits of horizontal dots per character in 
| display 

$02 $1D Selects 30 bytes of horizontal bytes in the graphic 

| mode | 

$03 S1F Selects 1/32 duty in multiplex display 

$08 $00 Selects display starting address to $0000 

$09 $00 

$OA $00 Selects cursor address to $0000 

$OB | $00 





(3) RS, R/W, and E signals are controlled by port Dg, port D, and port Do. 


(4) Initialization data shown in Table 13.4 is previously stored in the 
data table in ROM. 
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Program Module Name: Initialize LCTC 


Flowchart: 


L2HINT 


L2HINT 
$0->INTA 


$5—-INTB 


(2) L2HIT1 
} L2HBSY -“———- 


INTB-B 


1 Dp —---- 


1>Dz ----- 








MCU: HMCS402C/ Label: L2HINT 


HMC S404C/HMCS408C 





Store address in RAM for the Pattern 
instruction 


[creck LCTC busy flag 


Load from RAM the data table address 
for instructions or data into 
Accumulator and B register 


see RS signal high 


| set R/W signal low 


see E signal high 


Output instruction through ports Rl 
and R2 by the Pattern instruction 


see E signal low 
| increment data table pointer 


Set RS signal low 


set E signal high 


Output data through ports Rl and R2 
by the pattern instruction 
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MCU: HMCS402C/ Label: L2HINT 


HMCS404C/HMCS408C 





Program Module Name: Initialize LCTC 









Flowchart: 


eee | see E signal low 


INTA+$1—INTA|————-| Increment data table point 


—iceae ata Test if initialization complete 
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Program Module Name: Move Cursor MCU: HMCS402C/ Label: L2HMVE 
HMCS404C/HMCS408C 


Function: Loads cursor address value stored in DTADDR(RAM) into LCTC cursor 
address counter. 


Arguments: 1 digit = 4 bits Changes in CPU Specifications: 


Storage No. of Registers and Flags: 1 word = 10 bits 
Contents Location Digit 
i 2 ip MRE APRN eg ROM (Words): 29 


Entry Cursor DTADDR 4 RAM (Digits): 8 


address (RAM) Stack (Digits): 4 


No. of cycles: 254 
Reentrant: No 


Relocatable: No 


Interrupt OK?: 


@ Not Affected 
x 3: Undefined 
¢ : Result 


Description: 


1. Function Details 


(1) Argument details | | 
DTADDR (RAM): Holds cursor address value to be loaded into cursor address 
counter as 4-digits hexadecimal number. 


Program module L2HMVE loads cursor address value into cursor address 
counter to change cursor address on display. 


Program module L2HMVE calls other program modules and subroutines shown 
in Table 13.5. | 


Specifications Notes: 


"No. of cycles" in "Specifications" represents the number of cycles needed 
when subroutine L2HBSY is executed by the minimum cycles. 
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“Program Module Name: Move Cursor — || MCU: HMCS402C/ '|Label: L2HMVE 


HMCS404C/HMCS408C 





Description: 
Table 13.5. Program Modules and Subroutines Called in .L2HMVE 


Program Module/ 





Subroutine Name Label Function 

Write Data L2HWT Writes data to LCTC through I/O port of the 
to LCTC fa4 ; HMCS404C 

Check Busy ~~ L2HBSY Checks LCTC busy flag 

Flag a 


2. User Notes 


& 


The RAM area for storing the 4- ratgtts hexadecimal of the cursor address 
must be allocated. 


3. RAM Allocation 





Fig. 13.7. RAM Allocation 
Label RAM Description 


| om Y Y Up bO Holds cursor address to be 
DTADDR: DTADDR+1 : t dad in th dd 
DTADDR+2 erase yy MJ ee es ; ee 


MD ($085,$034, $088, $08z) decimal digits 


b7 bO 
5 lds value to initialize the 
; NN \N Ho 3 
INSTRL: INSTRU WCC LCTC instruction register 
\N MN 2 


MD ($037, $036) 


2 | | b7 | bO | | | 
Holds value to initialize the 
—DATARU. DATARL >= | LCTC data register _ 
MD ($03D, $03C) a gee oe | 
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Program Module Name: Move Cursor MCU: HMCS402C/ Label: L2HMVE 


HMCS404C/HMCS408C 





Description: 
4. Sample Application 
DTADDR EQU $0382 -- Allocate RAM area for storing 


the 4-digit cursor address in 
the user program 


LMID $0, DTADDR 


LMID $0, DTADDR+1 Load the cursor address stored 
--in the user program into entry 

LMID $8, DTADDR+2 arguments 

LMID $4, DTADDR+3 


| CALL L2HMVE | + Call L2HMVE 


5. Basic Operation 


(1) To effect display at any location on LM200, the cursor address must be 
written before writing display data. 


(2) The cursor address consists of four digits. Program module L2HWT is 
used to first set the lower digit and then the upper digit. 
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Program Module Name: Move Cursor MCU: HMCS402C/ | Label: L2HMVE 


HMCS404C/HMCS408C 





Flowchart: 


rs L2HMVE )} 


$ 0-1 NST RU Store instruction for writing cursor 


address to the LCTC (lower digits) 
into L2HWT entry arguments 


$A>INSTRL 


DTADDR+3 
—> DATARL 


Store cursor address (lower digits) 
into L2HWT entry arguments 


DTADDR+2 
DAT ARU 


cs 
1 fale 


Write cursor address (lower digits) 
to the LCTC 


1 
es 
: 
| 
——_ 
| 
| 
| 
I 
| 


Store instruction for writing cursor 
address to the LCTC (upper digits) 
into L2HWT entry arguments 


Store cursor address (upper digits) 
into L2HWT entry arguments . 


Write cursor address (upper digits) 
to the LCTC 
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MCU: HMCS402C/ Label: L2HWT 
HMCS404C/HMCS408C 


Program Module Name: write Data 





Function: Writes data or instructions to the LCTC through an HMCS404C I/O port 
under the control of signals RS, R/W and E. 


Arguments: 1 digit = 4 bits Changes in CPU Specifications: 


Storage No. of Registers and Flags: 1 word = 10 bits 


contents Location Digits 


ROM (Words) : 22 
aan LCTC INSTRU ied ay 
Y instruc- (RAM) | REM Mpeg tess 4 


tion INSTRL Stack (Digits): 4 
(RAM ) . 
LCTC DATARU O- 


data (RAM) Reentrant: No 


DATARL 
(RAM) Relocatable: No 


of cycles: 96 


Interrupt OK?: 


Not Affected 
Undefined 
Result 


INSTRU 
> INSTRL 

@) Entry (RAM) 
1. Function Details AEGUMERCS | HATARU 


> DATARL 
( RAM) 


Description: 


(1) Argument details 


INSTRU, INSTRL (RAM): Holds value to 
initialize the LCTC instruction 
register 


(2) Result 


DATARU , DATARL (RAM): Holds value to 
initialize the LCTC data register 
Note: Display position is different 
from the cursor address 


Fig. 13.8. Example of L2HWT Execution 


Specifications Notes: he number of cycles indicated is the minimum number of 


cycles required by subroutine L2HBSY. 





HITACHI 269 





Program Module Name: write Data 


MCU: HMCS402C/ Label: L2HWT 





HMCS404C/HMCS408C 





Description: 


(2) Fig. 13.8 shows an example of program module L2HWT execution, in which 
display data $BB is written to the LCTC. 


(3) L2HWT uses the subroutines shown in Table 13.6. 


Table 13.6. Subroutines Used by Module L2HWT 


Subroutine Name Label Name Function 


Check Busy Flag L2HBSY Checks LCTC busy flag 


2. RAM Allocation 


t 
| 
t 
4 


Sete eaves pa as pe 


' 





Fig. 13.9. RAM Allocation 


Label R AM Description 


b7 b 


0 
i NX WN Holds value to initialize 
ane THU NS Ee \WAN the LCTC instruction register 


MD( $037,036) 
b7 bO 


- . Holds value to initialize 
DATARU: DATARL( RAM) — the LCTC data register 


MD($03D, $03C) 
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Program Module Name: 


Description: 


3 


WO RK 1U 
WORK 1L 
WORK 2U 
WORK 2L 





Sample Application 


EQU 
EQU 
EQU 
EQU 


LAMD 
LMAD 
LAMD 
LMAD 
LAMD 
LMAD 
LAMD 
LMAD 


Write Data 


$037 
$036 
$03D 
$03C 


WORK1L 
INSTRL 
WORK 10U 
INSTRU 
WORK2 L 
DATARL 
WORK 2U 
DATARU 


MCU: HMCS402C/ 


——— 


| caus L2HWT | 


eoccce 


eoneoe 


Label: 
HMCS404C/HMCS408C 


Allocates RAM area in the user 
program to store value to 
initialize the instruction 
register 

Allocates RAM area in the user 


program to store value to 


initialize the data register 


Store value to initialize the 
instruction register into 
entry arguments 


Store value to initialize the 
data register into entry 
arguments 


Calls L2HWT 


L2HWT 
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HMCS402C/ | Label: L2HWT 


Program Module Name: Write Data 
7 | | HMCS404C/HMCS408C 





Description: 


4. Basic Operation 
(1) When writing data to the LCTC, the microcomputer must store data in 
the LCTC instruction and data registers in corresponding pairs. To 
switch between instruction and data registers, the RS signal is used 
(high for instruction and low for data). 


Fig. 13.10 shows the flowchart for writing data to the LCTC. 


operation 







Check LCTC busy flag 
Set RS signal high 


Write data to 
instruction register | 


Set RS Signal low 


Write data to data 
register 


j Checks whether the LCTC is in 


teeees | Specify LCTC instruction register 


Perform data write when E signal 
changes from high to low 


eeccee 


sees | Specify LCTC data register 


Perform data write when E signal 
changes from high to low 


eeseove 


Fig. 13.10. Procedure for Writing Data to LCTC. 


(2) When the LCTC is in operation, the microcomputer cannot write data to 
it. However, LCTC operation can be distinguished by the LCTC busy flag. 
Thus in this case, program module L2HWT calls subroutine L2HBSY to check 
the busy flag and determine whether the LCTC is in operation. 


Busy flag = 1: LCTC is in operation, data cannot be written 


Busy flag QO: Data can be written to the LCTC 
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MCU: HMCS402C/ Label: L2HWT 


Program Module Name: Write Data 
HMCS404C/HMCS408C 





Flowchart: 


L2HWT 


L2HWT 


L2HBSY -~---- Check busy flag 
raed [sot ns signat nish 


= set B/W signal low 
— [sew eta Mish 
INSTRL 
—~>Ril 
-—-—-- Load data to initialize the data register 
INSTRU 
—> R2 
—— [see = siento 
—----— Set RS signal low 
_ [sete sion, nis 
DATARL 
—>Ril 


----- Load data to initialize the data register 


oo se gt to 
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13.4 SUBROUTINE DESCRIPTION 


Subroutine Name: MCU: HMCS402C/ /|Label: L2HBSY 
Check Busy Flag . HMCS404C/HMCS408C 


Function: oy 
ee Checks whether LCTC is in operation and waits for ready state. 









Basic Operation: 


(1) Since the LCTC cannot be accessed by the microcomputer while it is in 
operation, the LCTC busy flag must be checked. 






(2) The RS, R/W and E signals are controlled by port R2 to read the busy flag. 


Program Module Using This Subroutine: L2HWT, L2HINT, L2HMVE 


Flowchart: 


Initialize port R2 as input 
Set RS signal high 
Set R/W signal high 


-----| set E signal high 


Read value of LCTC busy flag into 
the Accumulator 


Set E signal low 


Repeat loop until busy flag is zero 
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Subroutine Name: Clear Display MCU: HMCS402C/ Label: L2HCLR 
HMCS404C/ HMCS408C 


Function: Clears the contents of display RAM in the LM200 and clears 
the liquid crystal display. 


Basic Operation: Initializes cursor address to "$0000", calls L2HWT and 
stores "$00" consecutively up to "$0780" in RAM. 


Program Module Using This Subroutine: L2HINT 
Flowchart: 
L2HCLR 


L2HCLR 





| Store instruction "SAO" in L2HWT 
gao—> INSTRL ee 
‘INSTRU entry argument for writing lower 
byte of cursor address 


DATARL Store lower byte of cursor address 
$00 DaTARU in L2HWT entry argument 


Write lower byte of cursor address to 
the LCTC 


[ veuw7 | 

Store instruction "$B" in L2HWT 

$B>INSTRL entry argument for writing upper 
byte of cursor address 

L2HWT 


Write upper byte of cursor address to 
the LCTC 


SO NL = —| Store minuend "$780" for using in SUB 


Store subtrahend "$001" for using in 


Store the data for transfering to the 
LCTC instruction register 


Write the display data and clears the 
display RAM 


Call SUB. 


Test if clear the contents of display 
RAM from $000 to $780 


HMIN :MMIN 
>: LMIN=$000 





RTN 
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Subroutine Name: MCU: HMCS402C/ | 
HMCS404C/HMCS408C 


Subtract 12 Bits Binary Data 


Function: Performs subtraction of 12 bits binary data in RAM, and stores 
result in RAM. 


Basic Operation: When substraction is performed with 2 or more digits, the same 
operation sequence is repreated for each digit. Subtraction 
result is stored in RAM for minuend. 


Program Module Using This Subroutine: None | 


Flowchart: 





Set CA for borrow process 


Subtract lower digits and store 
subtraction result in RAM for minuend 


Subtract middley digits considering 
CA (borrow) and store subtraction 
result in RAM for minuend 


Subtract upper digits considering 
CA (borrow) and store subtraction 
result in RAM for minuend 
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13.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 100 0000 LLEN 132 

00002 TITLE HD61830 ¢(LM200) GRAPHIC MODE 

00003 * 

00004 4OKOKOK RAM ALLOCATION FOO IO OOOO OOOO OK IORI OK IK IOK IKK 

0000S * 

00006 COUNTU EQU $030 UPPER DIGIT OF ROW COUNTER 

00007 COUNTL EQU $031 LOWER DIGIT OF ROW COUNTER 

00008 DTADDOR EQU $032 CURSOR ADDRESS 

00009 INSTRU EQU $036 UPPER LCTC INSTRUCTION REGISTER DATA 
00010 INSTRL EQU $037 LOWER LCTC INSTRUCTION REGISTER DATA 
00011 OSPCTU EQU $038 UPPER DIGIT OF DISPLAY DATA POINTER 
00012 OSPCTL EQU $039 LOWER DIGIT OF DISPLAY DATA POINTER 
00013 INTA EQU $03A LOWER DIGIT OF SOURCE STARTING ADDR 
00014 INTB EQU $038 UPPER DIGIT OF SOURCE STARTING ADDR 
0001S DATARU EQU $03C UPPER LCTC DATA REGISTER DATA 
00016 DATARL EQU $030 LOWER LCTC DATA REGISTER DATA 
00017 HMIN EQU $O3E UPPER DIGIT OF MINUEND 

00018 MMIN EQU $03F MIDDLE MINUEND 

00019 LMIN EQU $040 LOWER DIGIT OF MINUEND 

00020 HSUB EQU $041 UPPER DIGIT OF SUBTRAHEND 

00021 MSUB EQU $042 MIDOLE OIGIT OF SUBTRAHEND 

00022 LSUB EQU $043 LOWER OIGIT OF SUBTRAHEND 

00023 2OOOIOIOKOOROOOOROK IOROIOOOIOOIICIO IOIOIOOIOIO OR IOI OR IOOOIOIIOIOK HOOK IOHOIOK IOK 

00024 * * 

0002S * VECTOR ADDRESSES »* 

00026 * * 

00027 OOO IOI IORI IOI OOO OO OIG OR IOOK IOI OK IO IO OK OR IOIOK IOI NOHOKK 

00028 * 

00029 ORG $0000 

00030 * 

00031 150 010 0000 JMPL L2ZHMN RESET 

00032 1S0 010 0002 JMPL L2ZHMN INTO 

00033 1S0 010 0004 JMPL L2HMN INT1 

00034 150 010 0006 JMPL L2HMN TIMER-A 

0003S 150 010 0008 JMPL L2HMN TIMER-B 

00036 000 000A NOP 

00037 000 0008 NOP 

00038 150 010 0O00C JMPL L2HMN SERIAL 

00039 SOOO IO OOOOOIORIOIOOIOIOII IGOR IO OR IOIOK OK IO HOI ICHOK IOICK 

00040 * * 

00041 »K MAIN PROGRAM : L2HMN * 

00042 »* * 

00043 SOOIOIOOOIOGIOK IOOOGOR OR IOR OOOO OIG OR OKO IORI IO IOI OK OK IOIOK KOK KOK 

00044 * 

0004S ORG $0010 

00046 * 

00047 OFO 0010 L2HMN LWI $0 INITIALIZE W REGISTER 

00048 160 O6F 0011 CALL L2ZHINT INITIALIZE LCTC FOR GRAPHIC MODE 
00049 160 0C1 0013 CALL L2HCLR CLEAR DISPLAY 

000S0 210 0015S EYE $0 CLEAR COLUMN COUNTER 

00051 1A0 038 0016 . LMIO $0.DSPCTU CLEAR DISPLAY DATA POINTER 

00052 1A0 039 0018 LMID $0,0SPCTL 

00053 1AO0 030 OO01A LMID $0, COUNTU CLEAR ROW COUNTER 

00054 1AO0 031 OO1C LMID $0, COUNTL 

oo0oss 1AO0 032 OO1E LMID $0.DTADOR STORE CURSOR ADDRESS (CUPPER) 

00056 1AO0 033 0020 LMID $0.DTADDR+1 

00057 1A8 034 0022 LMID $8, DTADDR+2 STORE CURSOR ADDRESS(LOWER) 
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00058 1A4 035 0024 LMID $4.DTADOR+3 


00059 160 O0A4 0026 L2HMN1 CALL L2HMVE WRITE CURSOR ADDRESS TO LCTC 
00060 1AC 037 0028 LMID $C. INSTRL LOAD INSTRUCTION 

00061 1A0 036 002A LMIO $0, INSTRU 

00062 190 038 0Q02C L2HMN2 LAMD OSPCTU LOAD DISPLAY DATA 

00063 0c8 002E LBA 

00064 190 039 O002F LAMD OSPCTL 

00065 182 0031 Pp $2 PATTERN 

00066 194 03D 0032 LMAD DATARL 

00067 048 0034 LAB. 

00068 194 03C 0035 LMAD DATARU 

00069 160 O8E 0037 CALL L2ZHWT WRITE DISPLAY DATA TO LCTC 
00070 OEC 0039 REC INCREMENT POINTER 

00071 231 003A LAI $1 

00072 118 039 0038 AMCD DSPCTL 

00073 194 039 003D LMAD DSPCTL 

00074 230 O03F LAI $0 

00075 118 038 0040 AMCD DSPCTU 

00074 194 OZ8 0042 MAD psectTu 

00077 osc 0044 LY INCREMENT COLUMN COUNTER 
00078 07S 0045 YNETI $5 TEST IF COLUMN COUNTER =S 
00079 32C 0046 BR LZHMN2 

00080 210 0047 LYI $0 CLEAR COLUMN COUNTER 
00081 OEC 0048 REC ADD CURSOR ADDRESS TO 30 
00082 23E 0049 ' LAI $E 

00083 118 035 006A AMCD DTADDR+3 

00084 194 035 004C LMAD DTADDR+3 

00085 231 O04E LAI $1 

00086 118 034 O0O4F AMCO DTADDR+2 

00087 194 034 0051 LMAD DTADDR+2 

00088 230 00S3 LAI $0 

00089 118 033 0054 AMCD DTADOR+1 

00090 194 033 0056 LMAD OTADOR+1 

00091 230 0058 LAI $0 

00092 118 032 0059 AMCD OTADDR 

00093 194 032 00SB LMAD DTADDR 

00094 OEC 00S0 REC INCREMENT ROW COUNTER 
0009S 231 OOSE LAI $1 

00096 118 031 OOSF AMCD COUNTL 

00097 194 031 0061 LMAD COUNTL 

00098 230 0063 — LAI $0 

00099 118 030 0064 AMCD COUNTU 

00100 194 030 0066 LMAD COUNTU 

00101 123 030 0068 INEMD $3, COUNTU TEST IF ROW COUNTER =SO 
00102 326 006A BR L2HMN1 

00103 122 031 0068 INEMD $2, COUNTL 

00104 326 0060 BR L2HMN1 LOOP UNTIL DISPLAY END 
00105 36E 006E PEND BR PEND END OF PROGRAM 

00106 (EOIOICIOIOR OIC IID IO IOI IORI IO IOI IO IO IGIOIOK I IOI IK NOK IOI KK IOI 
00107 * * 
00108 *x NAME : L2HINT CINITIALIZE LCTC) * 
00109 * * 
00110 AICO OO IO IOC OOOO IORI OOOO IOI IO IOI NOOK NOK IIOK 
00111 * * 
00112 * ENTRY : NOTHING * 
00113 * RETURNS : NOTHING * 
00114 * * 
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0011S FOO OOOO OOOO ORO OOK OOO OOOO OOOO IOI OK OKI HK IOK 


00116 1AQ0 O38 OO6F L2HINT LMID $0.INTA STGRE LOWER DIGIT OF SOURCE ADDRESS 
00117 1AS 038 0071 LMID $S,INTB STORE UPPER DIGIT OF SOURCE ADDRESS 
00118 160 OEB 0073 L2HIT1 CALL L2HBSY CHECK LCTC BUSY FLAG 

00119 190 038 0075 LAMD INTB 

00120 0c8& 0077 LBA 

00121 190 03A 0078 LAMD INTA 

00122 2E0 007A SEDD 0 RS=1 

00123 261 0078 REDD 1 R/W=0 

00124 2E2 007C SEDD 2 E=1 

00125 000 007D NOP 

00126 1B1 OO7E P 1 OUTPUT INSTRUCTION BY PATTERN INSTR 
00127 000 OO?TF NOP 

00128 262 0080 REDD Zz E=0 

00129 281 0081 AI $1 INCREMENT ADDRESS 

00130 260 0082 REOD 0 RS=0 

00131 2E2 0083 SEDD 2 E=1 

00132 000 0084 NOP 

00133 1B1 oo8ss P 1 OUTPUT DATA BY PATTERN INSTRUCTION 
00134 000 0086 NOP 

00135 262 0087 REDD 2 E=0 

00136 281 0088 AI $1 INCREMENT ADDRESS 

00137 194 03A 0089 LMAD INTA 

00138 38D 0088 BRS L2HIT2 BRANCH IF INTA=F 

00139 373 008C BRS L2HIT1 BRANCH IF INTA/=F 

00140 010 0080 L2ZHIT2 RTN 

00141 OOOO IOI OOO OOOO OI OR IOI IIOK OK II OKKOIOK IK IK KOK 

00142 *x * 

00143 * NAME : L2HWT CWRITE DATA TO LCTC) * 

00144 * * 

00145 OOO OOOO IOIOR IOI IOI OOO IOOIO OK IO IOI IK FORK IOK KKK HOH KK 

00146 * * 

00147 * ENTRY : INSTRU CUPPER HALF OF INSTR TO LCTC) x 

00148 * INSTRL CLOWER HALF OF INSTR TO LCTC) x 

00149 * DATARU CUPPER DATA TO LCTC) > 

00150 * DATARL (LOWER DATA TO LCTC)> * 

00151 * RETURNS : NOTHING * 

00152 * * 

00153 OOOO OOOO OOOO OR IOK OO OOK OOOO IOC IOI KOI OI IOK IOI IK 

00154 160 OEB OO8E L2ZHWT CALL L2HBSY CHECK LCTC BUSY FLAG 

00155 2E0 0090 SEDD 0 RS=1] 

00156 261 0091 REDD 1 R/W=0 

001S7 2E2 0092 SEDD 2 E=] 

00158 190 037 0093 LAMD INSTRL : 

00159 201 0095 LRA 1 STORE DATA WRITTEN TO INSTRUCTION REG 
00160 190 036 0096 LAMD INSTRU 

00161 202 0098 LRA 2 

00162 262 0099 REDD 2 E=0 

00163 260 009A REDD 0 RS=0 

00164 2E2 0098 SEDO 2 E=1 

00165 190 030 009C LAMD DATARL 

00166 201 OO09E LRA 1 STORE DATA WRITTEN TO DATA REG 
00167 190 03C O09F LAMD DATARU 

00168 202 O0A1 LRA 2 

00169 262 00A2 REDD 2 E=0 

00170 010 O0A3 RTN 

00171 OOOO OOOO OOO IOC IORI IOI IOI IOI OK OHO IK KK KOK 
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00172 
00173 
00174 
00175 
00176 
00177 
00178 
00179 
00180 
00181 
00182 
00183 
00184 
00185 
00186 
00187 
00188 
00189 
00190 
00191 
00192 
00193 
00194 
00195 
00196 
00197 
00198 
00199 
00200 
00201 
00202 
00203 
00204 
00205 
00206 
00207 
00208 
00209 
00210 
00211 
00212 
00213 
00214 
00215 
00216 
00217 
00218 
00219 
00220 
00221 
00222 
00223 
00224 
00225 
00226 
00227 
00228 


1A0 
1AA 
190 
194 
190 
194 
160 
1A0 
1AB 
190 
194 
190 
194 
160 
010 


1AA 
1AQ 
1A0 
1A0 
160 
1AB 
160 
1A? 
1A8 
1A0 
1A0 
1A0 
1Al 
1AC 
160 
160 
120 
30B 
120 
308 
120 
308 
010 


036 
037 


035 


030 
034 
O3C 
O8E 
036 
037 
033 
03D 
032 
O3C 
O8E 


037 
036 
O30 
O3C 
O8E 
037 
O8E 
O3E 
O3F 
040 
041 
042 
043 
037 
O8E 
OF 6 
O3E 


O3F 
040 
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OOA4 
OO0AS6 
OOA8 
OOAA 
OOAC 
OOAE 
0OB0 
00B2 
0084 
OOBS6 
00B8 
OOBA 
00BC 
OOBE 
0O0CO 


00C1 
00C3 
o0ocs 
OOoc? 
00c9 
0OCB 
OOCD 
OOCF 
0001 
0003 
0005 
OOD? 
0009 
0008 
0000 
OOOF 
O0E1 
O0E3 
OOE4 
OOE6 
OOE? 
OOE9 
OOEA 


* 


* NAME 
* 


* 


> L2HMVE CSET CURSOR ADDRESS) * 


* 


SOR OIOR IORI IOOIOIOK ROOK OOOO ORK OR OIOR IOI IOIOOROICIOK IOIOIOK KOKI OIOK IK 2K 0K 10K 0K 9K 


* 


* ENTRY : 


* RETURNS 
* 


L2HMVE LMID 
LMID 
LAMD 
LMAD 
LAMD 
LMAD 
CALL 
LMID 
LMID 
LAMD 
LMAD 
LAMD 
LMAD 


* 


DTADOR (CURSOR ADDRESS VALUE) * 
> NOTHING * 
* 
OOOO OOOO ORO IO OOOO OOOO IORI IOI IOI OK IOIOK IOK IK IIOK 
$0. INSTRU STORE INSTRUCTION 
$A, INSTRL 
OTADOR+3 STORE DATA 
DATARL 
OTADDR+2 
DATARU 
L2HWT WRITE LOWER CURSOR ADDR TO LCTC 
$0, INSTRU STORE INSTRUCTION 
$B, INSTRL 
OTADDR+1 STORE DATA 
DATARL 
OTADOR 
DATARU 
L2HWT WRITE UPPER CURSOR ADDR TO LCTC 


CALL 
RTN 


OOOO OK OIRO IOIOK OO IOROIOIORO I IOI IK IOROICOK IC IC kOFOICIC IK 2 2 ICC IC 2K CC CICK ICI 2K IC 2 OK 


*« 


* NAME 
* 


LZHCLR LMID 
LMID 
LMID 
LMID 
CALL 
LMID 
CALL 
LMID 
LMID 
LMID 
LMID 
LMID 
LMID 

L2HCR1 LMID 
CALL 
CALL 
INEMD 
BRS 
INEMD 
BRS 
INEMD 


* 


> L2ZHCLR (CLEAR DISPLAY) * 
* 
SOOO IORIOOIOCIOOK OO OOOO COO OOO IO IOKIOKIOK OK IOI IK IOHOK 
$A. INSTRL STORE INSTRUCTION 
$0. INSTRU 
$0.DATARL STORE LOWER CURSOR ADDRESS 
$0. DATARU . 
L2HWT WRITE LOWER CURSOR ADDR TO LCTC 
$B, INSTRL STORE INSTRUCTION 
L2HWT WRITE UPPER CURSOR ADDR TO LCTC 
$7.HMIN STORE MINUEND 
$8.MMIN 
$0,LMIN 
$0.HSUB STORE SUBTRAHEND 
$0.MSUB 
$1,LSUB 
$C. INSTRL STORE DATA 
L2ZHWT WRITE DISPLAY DATAC$O0> TO RAM 
SUB 
$0.HMIN TEST IF DISPLAY RAM IS CLEARED 
L2HCR1 
$0,MMIN 
L2HCR1 
$0.LMIN 
L2HCR1 


BRS 
RTN 


JOIOIOIOIOHOICK IC IC ICKIOHORC ICI I ICRC IK ICO 3K 2K IC CI 2K IC 2G CCCI IC DK OIC ICI CICK IC III OK ICICI KCK OK 


* 


* NAME : 


* 


* ) 


L2HBSY (CHECK BUSY FLAG) * 


* 


{RIOR OOO IOIOR IOI IOIOOIOIOIOIOIOIOK IO OIOI OK OOOO OOK OOK IOI OK IOI IOI HOI KOK IONIC KOCK 


00229 
00230 
00231 
00232 
00233 
00234 
00235 
00236 
00237 
00238 
00239 
00240 
00241 
00242 
00243 
00244 
00245 
00246 
00247 
00248 
00249 
00250 
00251 
00252 
00253 
00254 
00255 
00256 
00257 
00258 
00259 
00260 
00261 
00262 
00263 
00264 
0026S 
00266 
00267 
00268 
00269 
00270 
00271 
00272 
00273 
00274 
00275 
00276 
00277 
00278 
00279 
00280 
00281 
00282 
00283 
00284 
00285 


230 
202 
2E0 
2ei 
2E2 
252 
262 
OA1 
O6F 
SEF 
010 


OEF 
190 
198 
194 
190 
198 
194 
190 
198 
194 
010 


200 
232 
201 
207 
202 
21D 
203 
21F 
208 
200 
209 
200 
20A 
200 
208 
200 


043 
040 
040 
042 
O3F 
O3F 
041 
O3E 
O3E 


OOEB 
OOEC 
OOED 
OOEE 
OOEF 
OOFO 
OOF 1 
OOF 2 
OOF3 
OOF 4 
OOFS 


OOF 6 
OOF? 
OOF9 
OOFB 
OOFD 
OOFF 
0101 
0103 
0105 
0107 
0109 


0150 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0158 
0189 
015A 
0158 
O1SC 
0150 
O1SE 
O1SF 





L2HBSY LAI $0 

LRA 2 SELECT R2 AS INPUT 

SEDO 0 RS=1 

SEDD 1 R/W=1 
L2HBY1 SEDD 2 E=1 

LAR 2 READ LCTC BUSY FLAG 

REDD 2 E=0 

ROTL 

TC 

BRS L2HBY 1 LOOP UNTIL BUSY FLAG=1 

RTN 
OKO ROR OIOK IOI OK IOI OIOROR HOR OIOK OI OIOIOIOIOR OOK OK OIOK IOK IOI TOR OK OROR OOK HOR OOK OIOK NOR HOOK ICON OK 
* * 
" NAME : SUB (SUBTRACT 12-BIT BINARY DATA) x 
* * 
OK OOROROIOIOIOKOROROROK IOIOROROR ORO OOK OK OROR KOR OIOR OK KOKI OK HOOK ORI HOOK OK ONC HC 286 CICK DIK 
SUB SEC SET CARRY 

LAMD LSUB 

SMCD LMIN SUBTRACT LOWER DIGITS 

LMAD LMIN LMIN-LSUB~>LMIN 

LAMD MSUB 

SMCD MMIN SUBTRACT MIDOLE DIGITS 

LMAD MMIN MMIN-MSUB->MMIN 

LAMO HSUB 

SMCD HMIN SUBTRACT UPPER DIGITS 

LMAD HMIN HMIN-HSUB->HMIN 

RTN 
OOO OOK HOR OIOK OK IOIOIOHOR IOHOR HOR ROROKOOHOR IOI HOHOH ORK IC KOK DIK DIK IOI IC IK ICICI IC HOC IC DIC IC CK 
* * 
x DATA TABLE (DATA TO INITIALIZE LCTC) * 
* * 


OIOROROIOIOIOIOIOIOO OOK ICICI OOK OOOO IORIOR OR IOIOI FOR IOI OI HOR ROK IOHOKOIOIOHOR HOR HOOK 
* 


ORG $0150 
* 

OC $200 

DC $232 

OC $201 

DC $207 

DC $202 

DC $21D 

DC $203 

DC $21F 

DC $208 

DC $200 

DC $209 

OC $200 

DC $20A 

DC $200 

OC $208 

OC $200 
OOK OR OIOIOIOROIOIOK IOIOIOK ORO OK OROIOR OR FORO OOK FOR ROOK OK HOR OOK HOR OIOHOK IOHOKCOICOK COKCOK 
* * 
* DATA TABLE (DISPLAY DATA) x 
* * 


OOOO OOO OOOO OKO IOIOIOK OK IOI OR IOI OIOIOI IOROI OK IOHOK KK 1OROICOK KOK HOOK 2 2K 
* 
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00286 ORG $0200 


00287 ” , 
00288 100 0200 . Oc. $100 
00289 100 0201 oc $100 
00290 180 0202 OC $180 
00291 10F 0203 OC $10F 
00292 100 0204 OC $100 
00293 ~=1C0 0205 OC $1CO 
00294 100 0206 OC $100 
0029S 1C0 0207 oc $1C0 
00296 11F 0208 OC $11F 
00297 100 0209 OC $100 
00298 1£0 020A DC $1£0 
00299 101 0208 oC $101 
00300 1CO 020C oc $1C0 
00301 11F 0200 oc $11F 
00302 100 O20E DC $100 
00303 1F8 O20F pc $1F8 
00304 103 0210 oC =—- $103 
0030S 1&7 0211 oC $1E7 
00306 13F 0212 DC $13F 
00307 100 0213 DC $100 
00308 1F8 0214 DC $1F8 
00309 1C7 0215 DC $1C7 
00310 1F8 0216 DC $1F8 
00311 13F 0217 oc $13F 
00312 100 0218 DC $100 
00313 FC 0219 | pc =——tséS$:«S FS 
00314 137 021A Oc $137 
00315 C0 0218. Oc $1C0 
00316 17F O21C DC $17F 
00317 100 0210... pc $100 
00318 1FE O21 DC $1FE 
00319  10F O21F DC $10F 
00320 180 0220 oc $180 
00321 17F 0221 Oc $17F 
00322 100 0222 OC $100 
00323 FE 0223 DC $1FE 
00324 107 0224 DC $107 
00325 180 0225 OC $180 
00326 13F 0226 DC $13F 
00327 100 0227 DC $100 
00328 FE 0228 DC $1FE 
00329 103 0229 DC $103 
00330 1C3 022A OC $1C3 
00331 13F 022B oc $13F 
00332 100 022C OC $100 
00333 1FF 022D DC $1FF 
00334 183 022 OC $183 
00335 1&7 022F oc $1E7 
00336 =13F 0230 OC $13F 
00337 100 OQ231..-* > oc $100 
00338 1FF 0232 OC $1FF 
00339 =1C1 0233 DC $1C1 
00340 12C 0234 DC $12C 
00341 11C 0235 oc $11C 
00342 100 0236 OC $100 
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00343 
00344 
00345 
00346 
00347 
00348 
00349 
00350 
00351 
00352 
00353 
00354 
00355 
00356 
00357 
00358 
00359 
00360 
00361 
00362 
00363 
00364 
00365 
00366 
00367 
00368 
00369 
00370 
00371 
00372 
00373 
00374 
0037S 
00376 
00377 
00378 
00379 
00380 
00381 
00382 
00383 
00384 
00385 
00386 
00387 
00388 
00389 
00390 
00391 
00392 
00393 
00394 
00395 
00396 
00397 
00398 
00399 





1FE 
1E0 
168 
12D 
100 
17E 
170 
1CE 
14C 
100 
13 
1FO 
1cC 
18E 
100 
110 
1FO 
10F 
10F 
101 
110 
1E0 
187 
113 
101 
110 
1E0 
183 
118 
102 
108 
180 
101 
10F 
102 
108 
100 
100 
106 
102 
108 
100 
100 
100 
102 
108 
100 
100 
100 
101 
110 
100 
100 
100 
101 
110 
100 


0237 
0238 
0239 
023A 
0238 
O023C 
0230 
O23E 
O23F 
0240 
0241 
0242 
0243 
0244 
0245 
0246 
0247 
0248 
0249 
024A 
0248 
024C 
024D 
O24E 
O24F 
0250 
0251 
0252 
0253 
0254 
0255 
0256 
0257 
0258 
0259 
025A 
0258 
O2SC 
025D 
O2S5E 
O25F 
0260 
0261 
0262 
0263 
0264 
0265 
0266 
0267 
0268 
0269 
026A 
0268 
026C 
0260 
O26E 
O26F 





SIFE 
$1E0 
$168 
$120 
$100 
$17E 
$170 
$1CE 
$14C 
$100 
$13E 
$1FO 
$1CC 
$18E 
$100 
$110 
$1F0 
$10F 
$10F 
$101 
$110 
$1E0 
$187 
$113 
$101 
$110 
$1E0 
$183 
$118 
$102 
$108 
$180 
$101 
$10F 
$102 
$108 
$100 
$100 
$106 
$102 
$108 
$100 
$100 
$100 
$102 
$108 
$100 
$100 
$100 
$101 
$110 
$100 
$100 
$100 
$101 
$110 
$100 
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00400 
00401 
00402 
00403 
00404 
00405 
00406 
00407 
00408 
00409 
00410 
00411 
00412 
00413 
00414 
00415 
00416 
00417 
00418 


MAZZA 
VUUSLT 


00420 
00421 
00422 
00423 
00424 
00425 
00426 
00427 
00428 
00429 
00430 
00431 
00432 
00433 
00434 
00435 
00436 
00437 
00438 
00439 
00440 
00441 
00442 
00443 
00444 
00445 
00446 
00447 
00448 
00449 
00450 
00451 
00452 
00453 
00454 
00455 
00456 
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140 
108 
101 
120 
180 
1A0 
184 


100 


120 


100 
113° 


1C3 
101 
140 
100 
10C 
1CcO 
101 
180 
idl 
100 
1F8 
103 
100 
106 
1CO 
1F? 
107 
100 
102 
13C 
1E0 
107 
100 
101 
140 
1F8 
101 
100 
103 
180 
1FF 
103 
180 
107 
100 
1FF 
103 
180 
10F 
100 
19F 
103 
1C0 
10F 
100 
10E 


0270 
0271 
0272 
0273 
0274 
0275 
0276 
0277 
0278 
0279 
027A 
0278 
O027C 
0270 
O27E 
O27F 
0280 
0281 
0282 
0283 
0284 
0285S 
0286 
0287 
0288 
0289 
028A 
0288 
028C 
0280 
O28E 
O28F 
0290 
0291 
0292 
0293 
0294 
0295S 
0296 
0297 
0298 
0299 
029A 
0298 
029C 
029D 
O29E 
O29F 
02A0 
02A1 
02A2 
02A3 
O2A4 
02AS 
O02A6 
02A7 
02A8 


$140 
$108 
$101 
$120 
$180 
$1A0 
$184 
$100 
$120 
$100 
$113 
$1C3 
$101 
$140 
$100 
$10C 
$1C0 
$101 
$180 
$101 
$100 
$1F8 
$103 
$100 
$106 
$1C0 
$1F? 
$107 
$100 
$102 
$13C 
$1E0 
$107 
$100 
$101 
$140 
$1F8 
$101 
$100 
$103 
$180 
$S1FF 
$103 
$180 
$107 
$100 
SIFF 
$103 
$180 
$10F 
$100 
$19F 
$103 
$1C0 
$10F 
$100 
$10E 


00457 
00458 
00459 
00460 
00461 
00462 
00463 
00464 
00465 
00466 
00467 
00468 
00469 
00470 
00471 
00472 
00473 
00474 
00475 
00476 
00477 
00478 
00479 
00480 
00481 
00482 
00483 
00484 
0048S 
00486 
00487 
00488 
00489 
00490 
00491 
00492 
00493 
00494 
00495 
00496 
00497 
00498 
00499 
00S00 
00501 
00S02 
00S03 
00504 
00S0S 
00506 
00507 
00S08 
00S09 
00510 
00S11 
00512 
00513 


100 
1CQ 
10F 
100 
102 
100 
1CO0 
1L1F 
100 
102 
100 
1E0 
11F 
100 
103 
100 
1E0 
10F 
106 
107 
100 
1E0 
10F 
1OF 
Lie 
100 
1E0 
LAF 
1FA 
1L1A 
100 
1E0 
1EF 
1FA 
11A 
100 
100 
177 
1FB 
11A 
100 
1A8 
17B 
1FB 
13F 
100 
164 
1FD 
1FF 
13F 
100 
1C2 
1FE 
LFF 
13F 
100 
1C2 


02A9 
OZ2AA 
O2AB 
O2AC 
O02AD 
O2AE 
O2AF 
02B0 
02B1 
02B2 
0283 
0284 
02B5 
0286 
02B7 
02B8 
02B9 
O2BA 
0288 
O2BC 
0280 
O2BE 
O2BF 
02C0 
02C1 
02C2 
02C3 
02C4 
O2CS 
02C6 
02C7 
02C8 
02C9 
02CA 
02CB 
O2CC 
02CD 
O2CE 
O2CF 
0200 
0201 
0202 
0203 
0204 
0205S 
0206 
0207 
0208 
0209 
O2DA 
0208 
020C 
0200 
O2DE 
O20F 
O2E0 
02E1 


$100 
$1C0 
$10F 
$100 
$102 
$100 
$1C0 
$11F 
$100 
$102 
$100 
$1E0 
$11F 
$100 
$103 
$100 
$1E0 
$10F 
$1C6 
$107 
$100 
$1E0 
$10F 
$1DF 
$11E 
$100 
$1E0 
SLAF 
S1FA 
$11A 
$100 
$1E0 
$S1EF 
S1FA 
$11A 
$100 
$100 
$177 
$1FB 
$11A 
$100 
$1A8 
$17B 
$iFB 
$13F 
$100 
$164 
$1FD 
$S1FF 
$13F 
$100 
$1C2 
$S1FE 
SIFF 
$13F 
$100 
$1C2 











HITACHI 285 











00514 LFF O2E2 DC S1FF 


00515 1FF O02E3 DC S1FF 
00516 11F O2E4 DC $11F 
00517 100 O2ES DC $100 
00518 184 O2E6 DC $184 
00519 LFF Q2E7 OC S1FF 
00520 LFF 02E8 OC S1FF 
00521 LIF O2E9 DC $11F 
00522 100 O2EA OC $100 
00$23 198 O02EB DC $198 
00524 1lFF O2EC DC S1FF 
00S25 LFF O2ED OC $1FF 
00526 10F O2EE DC $10F 
00527 100 O2EF DC $100 
00528 160 O2F0 OC $160 
00529 LFF O02F1 oC $1FF 
00530 LFF O2F2 DC SIFF 
00531 10F O2F3 OC $10F 
00532 100 O2F4 DC $100 
00533 100 02FS DC $100 
00534 1FE O2F6 DC $1FE 
00535 1O0F Q2F 7? OC $10F 
00536 107 ' O2F8 DC $107 
00837 100 O2F9 DC $100 
00538 * 

00839 END 
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SECTION 14. LIQUID CRYSTAL MODULE (CYCLE MEASUREMENT ) 
14.1 HARDWARE DESCRIPTION 


14.1.1 Function 


Controls LCD module H2570 and displays "CMOS MCU HMCS400" on the 
liquid crystal display. 


14.1.2 Microcomputer Operation 


(1) Controls HD44780 (hereafter abbreviated LCD-II) data bus through 
ports R4 and R5. 

(2) Controls LCD-II control signals (Signals RS, R/W and E) 
through port D. 

(3) To control LCD-II data bus and control signals by HMCS404C 
software, there are no restrictions in terms of timing. 

(4) From HMCS404C display data is transmitted to LCD-II in the form 
of ASCII code. Liquid crystal driver HD44100 and the liquid 
crystal display are automatically controlled by LCD-II which is 
in turn controlled by the HMCS404C. 


14.1.3 Peripheral Devices 


(1) LCD controller driver HD44780 (LCD-II): Controls dot matrix 
LCD of LCD module H2570. | 
(2) LCD driver HD44100: Drives LCD of LCD module H2570. 
(3) LCD module H2570: Provides a display of 16 characters X* 1 row. 
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14.1.4 Circuit Diagram 


Liquid Crystal Module H2570 


DBo HD44780 


ie. LCD — 1 


182076 
HD74HC14 


pe 


22pF 


4MHz ps ima 
HD44100 





Fig. 14.1. H2570 Control Circuit 
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14.1.5 Pin Functions 


Pin functions at the connecting interface of HMCS404C and LCD-II are 


shown in Table 14.1. 


Table 14.1. Pin Functions 


Pin Name Input/ Active Pin Name 
(HMCS404C) Output level Function (LCD-IT) 
Do 3 Input/ Low Selects instruction register RS 
D1 Low Data writing R/W 
(Microcomputer > LCD-ITI) 
High Data reading 
(Microcomputer + LCD-ITI) 
D2 High Enable signal E 
R40 = Data line | DBO 
R41 = DB) 
R42 | - DB2 
R43 - DB3 
R50 = DB4 
R51 = DBS 
R52 = DB6 
R53 DB7 
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14.1.6 Hardware Operation 


Control signals from both the HMCS404C and LCD-II is performed with 
the timing shown in Fig. 14.2. 


@) Data is written to LCTC at the falling edge of E. 


@) Data from LCD-II can be read during period Tj. 


Pin name (LCD-II) 


\ J 
DBo~DB7 Bo VV ae 
(HMCS 404C-+LCD-1) ee 


©, | © 


DBg-DB7 
CHMCS 404C<-LCD—I) 





Fig. 14.2. HMCS404C ++ LCD-II Interface Timing Chart 
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14.2 SOFTWARE DESCRIPTION 


14.2.1 Program Module Configuration 


Fig. 14.3 shows the program module configuration for performing 


display on the liquid crystal. 


LCDINT LCDDSP 


Initialize Display 
LCD-ITI on LCD-II 





Fig. 14.3. Program Module Configuration 


14.2.2 Program Module Functions 


Outline of program module functions is shown in Table 14.2. 


Table 14.2. Program Module Functions 











No. Program Module Name Label Function 
0 Main Program LCDMN Main program which conducts 
Character display on H2570 
1 Reset LCD-II LCDRES Resets LCD-II according to instructions 
2 Initialize LCD-II LCDINT Initializes LCD-II display mode 
3 Display on LCD LCDDSP Sends ASCII code to LCD-II and 


displays on H2570 
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14.2.3 Program Module Process Flow (Main Program) 


An example of conducting character display on H2570 using the module 
shown in Fig. 14.3 is shown in Fig. 14.4. Execution of the main 
program of Fig. 14.4 results in liquid crystal demonstration display 


as shown in Fig. 14.5. 


LCDMN Main Program 


meee [ Initialize W register 





LCDRES [ ~----- | Call LCDRES and resets LCD-II 


[ LCDINT i oh eat a tt [ Call LCDINT and initializes LCD-II 


Load leading address of the data table 
in to the accumulator and B register 


Transfer display data in the data table 
by the P instruction to the accumulator 
and B register 


Test whether transferred data is O or not. 
If 0, end program 


Call LCDDSP and displays characters on 
H2570 


Increment pointer indicating display 
data in data table 





PEND 


Fig. 14.4. Example of Program Module Sample Application 
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Example of Liquid Crystal Display 


Fig. 14.5. 





HITACHI 293 








14.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: Reset LCD-II MCU: HMCS402C/ Label: LCDRES 
HMCS404C/HMCS408C 


Function: Resets LCD-II by instruction. 


Arguments: None Changes in CPU Specifications: 

Registers and Flags: l word = 10 bits 
ROM (Words): 26 
RAM (Digits): 0 
Stack (Digits): 0 
No. of cycles: 33249 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 


Not Affected 
Undefined 
Result 


Description: 
1. Function Details 
(1) There are no arguments in LCDRES. 


(2) LCD-II is to be reset without fail, even if power source requirements for 
normal operation of the built-in reset circuit are not being met. 


(3) Program module and subroutines are not being used by program module 
LCDRES. 


2. User Notes: LCDRES is to be executed immediately following turning on of 
LCD-II power source. 


Specifications Notes: 
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Program Module Name: Reset LCD-II 


MCU: HMCS402C/ Label: LCDRES 


HMCS404C/HMCS408C 





Description: 
3. RAM Allocation 
RAM is not used by program module LCDRES. 
4. Sample Application 


LCD-II power source ON 


| CALL LCDRES | setae Call LCDRES 


5. Basic Operation 


(1) LCD-II may, by the process shown in Fig. 14.6, be reset by instruction. 


LCD-II Reset 


After resetting, 
wait a minimum 
15 ms 


Transfer $30 
4.1 ms 
Transfer $30 
100 Us. 
Transfer $30 



















Fig. 14.6. Resetting of LCD-II by Software 


* 





(2) Controls RS, R/W and E signals at the I/O port by software and output 
$30. 


(3) By loop processing of software timer which generates a delay time (15 ms), 


and by program which transfers $30, resetting of LCD-II is achieved as 
shown in Fig. 14.6. 
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Program Module Name: Reset LCD-II MCU: HMCS402C/ Label: LCDRES 
HMCS404C/HMCS408C 


Flowchart: 





LCDRES 


LCDRES 





[ Load, 2 onto the counter to loop 
"| process 3 times 


$278 


(2 om 
sea 
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MCU: HMCS402C/ Label: LCDRES 


Program Module Name: Reset LCD-II 
| HMCS404C/HMCS408C 





Flowchart: 


---| Output instructions of the function set 
---| Decrement counter 
B=0 
(2) ---| Test if LCD-II reset complete 
B<o | 


R TN 
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Label: LCDINT 





Program Module Name: MCU: HMCS402C/ 


C C 
Initialize LCD-II HMCS404C/HMCS408C 





Function: Initializes LCD-II display mode. 





Arguments: None Changes in CPU Specifications: 


Registers and Flags: 1 word = 10 bits 
ROM (Words) : 18 
RAM (Digits): 0 
Stack (Digits): O 
No. of cycles: 180 
Reentrant: No 


Relocatable: No 


Interrupt OK?: No 


Not Affected 
Undefined 
Result 





Description: 
lL. Function Details 


(1) There are no arguments in LCDINT. 


(2) Data in Table 14.3 is to be transferred to LCD-II and initialized in 
display mode. . 


Specifications Notes: 
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Program Module Name: MCU: HMCS402C/ Label: LCDINT 


Initialize LCD-II HMCS404C/HMCS408C 





Description: 


Table 14.3. LCD-II Display Mode Data 











Data Function 

$08 Display OFF 

$Ol All display cleared, DDRAM address set to $00 

$07 Cursor movement direction to the right and display shifted 
$90 DDRAM address set to $10 

$18 Select display shift direction to the left 

SOC Display ON 


(3) In program module LCDINT, the subroutine in Table 14.4 is used. 


Table 14.4. Subroutine Used in Program Module LCDINT 


Subroutine Name Label Functions 





Busy check LCDBSY Check the LCD-II busy flag 


2. User Notes 


Resets LCD-II prior to execution of LCDINT. 


3. RAM Allocation 


RAM is not used program module LCDINT. 


4. Sample Applications 


Execute LCDRES and reset 





CALL LCDRES —cereeeees LCD-II 
| CALL LCDINT | seeeecees Call LCDINT 
ORG $100 
DC $LOC  — farveseees Secure data table 


DC $118 
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Program Module Name: | MCU: HMCS402C/ Label: LCDINT 


ied! gan ; HMCS404C/HMCS408C 
Initialize LCD-II 


Description: 


5. BaSic Operation 





(1) Performs busy flag check every time before outputting data. 

(2) Set data shown in Table 14.3 into port R4 and R5, control LCD-II signals 
E, R/W and RS through ports DO, D1 and D2, and initialize LCD-II with 
this data. 


(3) Repeat (1) to (2) 6 consecutive times and initialize. 
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Program Module Name: MCU: HMCS402C/ Label: LCDINT 


Initialize LCD-II HMCS404C/HMCS408C 





Flowchart: 


LCDINT 


LCDINT 


Initialize counter 


Execute LCDBSY and check LCD-II 
busy flag 





Load data table address on to 
accumulator and B register 


Set RS signal low 
Set R/W signal low 
Set E signal low - 


Set E signal high 


Transfer instruction at the data table 
display mode to accumulator and B 
register 


Output display mode instruction 


Set E signal low 





Decrement counter 


Oo 
4 
= 
| 
| 
| 
| 
eed oh ir a ae, OE ee a ee pa = ee a 
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Program Module Name: 


MCU: HMCS402C/ 
HMCS404C/HMCS408C 


Label: LCDDSP 


Display on LCD 





Function: Writes ASCII code in DDRAM of LCD-II and displays graphically on 
liquid crystal. 


Arguments: Changes. in CPU Specifications: 
1 digit = 4 bits 

Registers and Flags: 1 word = 10 
Contents Storage No. of 


Loca- Digits | ROM (Words) : 


tion RAM (Digits) : 


Entry Display Upper B 
data 
(ASCII Lower A No. of cycles: 
code) 


Stack (Digits): 


Reentrant: 


Relocatable: 


Interrupt OK?: 


: Not Affected 


@ 
x : Undefined 
t : Result 


Description: 
1. Function Details 


| B A 
S eee 
(1) Argument details © pias B 


arguments |ascorr code 
A: Stores the lower 4 bits of the ('C' $43) 


ASCII code of the graphic display. Liquid crystal 
: Stores the upper 4 bits of the @ Reeures Be PTL TTT fel 
ASCII code of the graphic display. . 


Fig. 14.7. Example of LCDDSP 
Execution 


Specifications Notes: 
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Program Module Name: 


MCU: HMCS402C/ Label: LcCppDSP 
Display on LCD 


HMCS404C/HMCS408C 





Description: 


(2) Fig. 14.7 shows an example of program module LCDDSP. If the entry 
arguments are set in accumulator and B register as in Fig. 14.7-@, 
ASCII code is written to the current DDRAM address and graphically 
displayed on the liquid crystal. 


(3) In program module LCDDSP, the subroutine shown in Table 14.5 is used. 


Table 14.5. Subroutine Used in Program Module LCDDSP 


Subroutine Name Label Function 


Busy check LCDBSY Checks busy flag of LCD-II 


2. User Notes 


(1) Resets LCD-IlI. 
(2) Initializes LCD-II display mode. 
(3) Stores entry arguments. 
3. RAM Allocation 
RAM is not used by program module LCDDSP. 


4. Sample Application 


CALL LCDRES cress Execute LCDRES and reset LCD-II 
CALL LCDINT — cere Execute LCDINT and initialize LCD-II 
display mode 
LAI 3 
LBI 4 





5. Basic Operation 
(1) Checks LCD-II busy flag. 


(2) Controls signals RS, R/W and E by software through port D and outputs 
display data. 
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MCU: HMCS402C/ Label: LCDDSP 
HMCS404C/HMCS408C 


Program Module Name: 


Display on LCD 





Flowchart: 





LCDDSP 


LCDDSP = 
Save display data due to use of Accumulator 
Za be in subroutine LCDBSY 
LCDBSY Sa Execute LCDBSY and check busy flag 
Yom A [----- | Restore display data 


----- cE write display data, set RS signal high 
—-—--- | Set R/W signal low 

SSS | Set E signal low 

ahi | set. signat high 


-—----| Output display data to LCD-II 


— 8 sha 
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14.4 SUBROUTINE DESCRIPTION 


MCU: HMCS402C/ Label: LCDBSY 
HMCS404C/HMCS408C 


Subroutine Name: Busy Check 





Basic Operation: (1) Since, while LCD-II is in operation, it will not allow 
access from microcomputers, checks must be made on the 
LCD-II busy flag. 


(2) Control of signals RS, R/W and E through port D is 
performed by software together with busy flag check. 


Program Module Using This Subroutine: LCDDSP, LCDINT, LCDRES 


Flowchart: 


LCDBSY 


| sex RS signal low 


Set R/W signal at high to enable reading 
of busy flag 


Set E signal Low. 


LCDBY1 


| snsetatsa port R5 to entry port 


| set E signal high 


Rotate R5 
1 bit left 
Read busy flag and test busy flag when 


set at highest bit 


Set signal low 





test if busy flag check complete 
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ST-NO 


00001 
00002 
00003 
00004 
0000S 
C0006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
000S0 
00051 
00052 
00053 
00054 
000SS 
000S6 
00057 
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14.5 PROGRAM LISTING © 


OBJECT 


100 


150 
150 
150 
150 
150 


150 


OFO 
160 
160 
230 
200 
194 
048 
194 
190 
1B2 
008 
280 
048 
354 
356 
2B0 
363 
OAF 
160 
190 
0c8 
190 
281 
361 
347 


040 
040 
040 
040 
040 


040 


064 
O?E 
020 


021 
020 


090 
021 


020 


ADRS 
0000 


0000 
0002 
0004 
0006 
0008 


000C 


0040 
0041 
0043 
0045 
0046 
0047 
0049 
004A 
004C 
O04E 
OO4F 
00S0 
0051 
0052 
0053 
0054 
00SS 
0056 
00S? 
0059 
0058 
oosc 
OOSE 
OOSF 
0060 


SOURCE STATEMENTS 


LLEN 132 

ILILE LIQUID CRYSTAL MODULE ¢€H2570) CONTROL 
*K 
WOK HOK RAM ALLOCATION COIOIOROICIOIOIO OR IOIOK OOO OK KOK IOI OR KOK IORI OK ICOICK 2 KOK 
x 
LSOUR EQU | $020 WORK AREA FOR ACCA 
HSOUR EQU $021 WORK AREA FOR B REGISTER 
OOOO OI IOIIOOIOIOORIOK IORI IOOIOIOK IORI IOI IO IO IORI III I IK KOK KOK 10K 2K 2 2K 
* *« 
* VECTOR ADDRESSES * 
* * 


ROCIO IO IOIOROOROIOIOIOIOR OOOO IOI OIOIOIOIOROIOIOIOR OOK HOR IO OIOR IOIOKOIOIOHOIOHOK 1K ICRC ICICI KCK 2K 2K KKK IK 2K 


* 


ORG $0000 
« 

JMPL LCDMN RESET 

JMPL LCDMN INTO 

JMPL LCDMN INT1 

JMPL LCDMN TIMER A 

JMPL LCDMN TIMER B 
* 

ORG $000C 
| 

JMPL LCDMN SERIAL 
{OOOO OOOO ORO OR I QIOIOK OOK IOROIOIOIOK IOI OIOIOOIOROK OOK OI IOR OOO OOK II OK IOI OOK OOK HO OK KICK 
* x 
* MAIN PROGRAM : LCDMN x 
* * 


DOOIOK OOO HOR OOK ICIOIOR ORO IOIOIOK IO OROIOIOIOIOIOIOI OOK IOIORK FORO IOI IOI HOR KOK OIOKOK IOI OK OK KOK 
* 


ORG $0040 
* 
LCDMN = LWI $0 INITIALIZE W REGISTER 
CALL LCDRES - - RESET LCD-II 
CALL LCDINT INITIALIZE LCD-II 
LAI $0 LOAD DATA TABLE STARTING ADDR INTO ACCA 
LBI $0 LOAD DATA TABLE STARTING ADDR INTO B REG 
LCDMN1 LMAD LSOUR ACCA ---> LSOUR 
LAB | | 
LMAD HSOUR B REGISTER ---> HSOUR 
LAMD LSOUR LSOUR ---> ACCA 
P $2 MOVE DISPLAY TO ACCA & B REGISTER 
LYA 
ALEI $0 TEST IF ACCA=0 
LAB 
BR LCDMN2 IF 0. BRANCH TO LCDMN2 
BR LCDMN3 IF NOT 0, BRANCH TO LCOMN3 
LCDMN2 ALEI $0 TEST IF 8 REGISTER=0 
BR PEND IF 0, BRANCH TO PEND 
LCOMN3 LAY | 
CALL LCDDSP DISPLAY FIGURE ON LCD-II 
LAMD HSOUR HSOUR ---> 8 REGISTER 
LBA 
LAMD LSOUR LSQUR ---> ACCA 
AI $1 ACCA + $1 ---> ACCA 
BR LCOMN4 BRANCH IF ACCA =$F 
BR LCDMN1 i 


00058 O4C 0061 LCDMNG IB INCREMENT B REGISTER 


00059 347 0062 BR LCDMN1 LOOP UNTIL B REGISTER = $F 

00060 363 0063 PEND BR PEND 

00061 OROROOIOIOR OOK IO OR IO OOOO OOIOIOIOOR IO IORI IOIOOIOOK OOK OI IOK OK OI OOK OK IOIOIOK HOOK IK KOK 
00062 * * 
00063 * NAME : LCDRES CRESET LCO-II) * 
00064 * * 
00065 FOO IOOIOR OR IGOR OR IOQ IOROOIOIOOIOOOIOOOI IOI IORIOOIOK OR IIR OK IO IOIOOIOK IOK IK 
00066 * * 
00067 * ENTRY : NOTHING * 
00068 * RETURNS : NOTHING * 
00069 * * 
00070 ROTO OOR OR OOOO IOROIOROIOOIOIOR IOI I IOI IOK IOI OIC IOI IO IO IO OI IOI IOI OOK IOIOIOK HOOK HOK KC 
00071 202 0064 LCORES LBI $2 INITIALIZE LOOP COUNTER 

00072 239 0065 LCDRS1 LAT $9 EXECUTE 1SMS SOFTWARE TIMER 
00073 21F 0066 LCORS2 LYI $F 

00074 002 0067 LCORS3 XSPY 

00075 21F 0068 LY $F 

00076 000 0069 LCORS4 NOP 

00077 000 006A NOP 

00078 ODF 0068 DY 

00079 369 006C BR LCORS4 

00080 002 0060 XSPY 

00081 ODF O06E DY 

00082 367 OO6F BR LCDRS3 

00083 28F 0070 Al $F 

00084 366 0071 BR LCDRS2 

0008S 260 0072 REDD $0 RS=0 

00086 261 0073 REDD $1 R/W=0 

00087 262 0074 REDD $2 E=0 

00088 ZEZ 0075S SEDD $2 E=] 

00089 230 0076 LAI $0 

00090 204 0077 LRA $4 WRITE INSTRUCTION DATA 

00091 233 0078 LAI $3 

00092 20S 0079 LRA $5 WRITE INSTRUCTION DATA 

00093 262 007A REDD $2 SET E=0 

00094 OCF 0078 DB DECREMENT LOOP COUNTER 

0009S 365 007C BR LCORS1 LOOP UNTIL LOOP COUNTER=0 

00096 010 007D RTN 

00097 OOK OIOIOROOIO OR IO ICIOOIOI OK IO IOI GIO IOI IGOR IORI IOIOOIOIOK OI I IOICIOK NOK IK OKOK 
00098 * ok 
00099 * NAME : LCDINT CINITIALIZE LCO-II) *« 
00100 * mx 
00101 OOOO OR IOIOIOIOOOR IO OIC IOI OOOO IIR I IOOIOIOR ROO IOI IOI OK I OIOIOIOK 3 HOK 
00102 * * 
00103 * ENTRY : NOTHING *« 
00104 * RETURNS : NOTHING * 
00105 * * 
00106 FIOROOIOIOOROIOIOROOR OOO OOO OOOO OOOO IO ICICORIOIOOOIOOIOIOR IOI OIOOIOI IOI I OHOIOK OK 
00107 215 OO7E LCDINT LYI $S INITIALIZE LOOP COUNTER 

00108 160 090 OO7F LCDIT1 CALL LCDOBSY CHECK LCD-II BUSY FLAG 

00109 OAF 0081 LAY LOAD DATA TABLE ADDRESS INTO ACCA 
00110 200 0082 LBI $0 LGAD DATA TABLE ADORESS INTO B REG 
00111 260 0083 REDD $0 RS=0 

00112 261 0084 REDD $i R/W=0 

00113 262 0085 REDD $2 E=0 

00114 2E2 0086 SEDD $2 E=1 
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0011S 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 


00131. 


00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
00147 
00148 
00149 
00150 
00151 
00152 
00153 
00154 
00155 
00156 
00157 
00158 
00159 
00160 
00161 
00162 
00163 
00164 
00165 
00166 
00167 
00168 
00169 
00170 
00171 


161 
204 
048 
2DS 
OAF 
262 
ODF 
37F 
010 


008 
160 
OAF 
2E0 
261 
262 
2E2 
2D4 
048 
205 
262 
010 


260 
eel 
262 
23F 
205 
2E2 
255 
OAl 
O6F 
262 
3A0 
010 


10C 


09D 
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0087 
0088 
0089 


008A 


0088 
008C 
008D 
OO8E 
O08F 


0090 
0091 
0093 
0094 
0095S 
0096 
0097 
0098 
0099 
009A 
0098 
O09C 


0090 
OO9E 
OO9F 
OOARO 
OO0A1 
OO0AZ2 
00A3 
O0A4 
OOAS 
OO0ARS6 
00A7 
00A8 


0100 


P $1 MOVE INSTRUCTION TO ACCA & B REG 

LRA $4 QUTPUT INSTRUCTION 

LAB 

LRA $5 

LAY 

REOD $2 E=0 

DY DECREMENT LOOP COUNTER 

BR LCDIT1 LOOP UNTIL LOOP COUNTER=0 

RTN 
SOOO OIOIOR OOOO OO IGOR OK OR OOK IO OR OIOIO OK OK IORI HOR IO KOKORO KOK HOR IOK BOK I IOIOK 
* * 
x NAME : LCDDSP (DISPLAY ON LCD-II) * 
* ; * 
SEOOOIOIOR OK IGOR OIOIOOIOI ORO OOOO OOOO OIOIOIOIOROK OR OOO IORI IOI IO ORK HOR OK IONOK OK 
* * 
* ENTRY : B REGISTER.ACCUMULATOR (DISPLAY DATAD * 
* RETURNS : NOTHING . 
* * 
BOOIOIOIOOIOIORIOKIOOICIOOIOIOROIOCOROIOROIOCOIOROIOROORIO IORI IOROIORIOIOIOIOR IOI III HOK IK NOK NOHOK IK 
LCDDSP _LYA SAVE ACCA 

CALL LCDBSY CHECK BUSY FLAG 

LAY RESTORE ACCA 

SEDD $0 RS=1 

REDD $1 R/W=0 

REDD $2 E=0 

SEDD $2 E=1 

LRA $4 OUTPUT DISPLAY DATA 

LAB 

LRA $5 

REDD $2 E=0 

RTN 
OK IOIOOIOIOIOIOIOIOI IOIOIOK OOO IOIOIOIOIOIOIOIOIOIOI IOI IOIOR IO OOO IOIOK OR IOI OOK HOR OK NOR OOK KOK OK IK 
* * 
* NAME : LCDBSY (CHECK BUSY FLAG) * 
* ; * 
SROROOIOIOIOIOIOIOK IOI OK IOI IOIOIOIOIOIOIOR IOI OIOI IOI IOI OIOK OOK IOI OKOOK HOR ORO KOIOIOIOIOK HOR KC IOI OIC OK 
LCDBSY REDO $0 RS=0 

SEDD $1 R/W=1 

REDD $2 E=0 
LcDBY1 ~—_ LAT $F SELECT R PORT AS INPUT 

LRA $5 

SEDD $2 E=1 

LAR = $5 READ BUSY FLAG 

ROTL 7 : 

TC TEST CARRY 

REDD $2 E=0 

BR LCOBY1 LOOP UNTIL BUSY FLAG=0 

RTN 
FOOIOIOOIOIOIOIOIORIOIOIOIOIOIOIOIOK IOOIOOIOI IOI IOIOIOR OR IOIOROI OK IOIOIOIOK IOI OK HOR OK KORO HOOK KOI KK IC OK 
* ; * 
x DATA TABLE * 
* * 


OOOO OOO IOIOIOIOIOIOK OOO OOOO IORIOOOI OOOO FOR OIOIOR IOIOROIOK OIRO ICIOK NOK HOOK HOK 1 
* 


ORG $0100 
* 
$00 DC $10C 


00172 
00173 
00174 
00175 
00176 
00177 
00178 
00179 
00180 
00181 
00182 
00183 
00184 
00185 
00186 
00187 
00188 
00189 
00190 
00191 
00192 
00193 
00194 
00195 
00196 
00197 
00198 


118 
191 
107 
101 
108 


143 
140 
14F 
153 
120 
140 
143 
155 
120 
148 
140 
143 
153 
134 
130 
130 
100 


0101 
0102 
0103 
0104 
0105 


0200 
0201 
0202 
0203 
0204 
0205S 
0206 
0207 
0208 
0209 
020A 
0208 
020C 
020D 
020E 
O20F 
0210 





$01 
$02 
$03 
$04 
$05 


$00 
$01 
$02 
$03 
$04 
$05 
$06 
$07 
$08 
$09 
$OA 
$08 
$0C 
$0D 
$OE 
SOF 
$10 


$118 
$191 
$107 
$101 
$108 


$0200 


$143 
$140 
$14F 
$153 
$120 
$14D 
$143 
$155 
$120 
$148 
$14D 
$143 
$153 
$134 
$130 
$130 
$100 
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SECTION 15. LOW POWER DISSIPATION MODE AND WATCHING TIMER EXECUTION 


USING THE HA1835A 


15.1. HARDWARE DESCRIPTION 


15.1.1 


15.1.2 


15.1.3 
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Function 


Enters low power dissipation mode of the HMCS404C MCU and executes 
fail safe mode with the HA1835P watchdog timer. 


Microcomputer Operation 


Enters stop mode and standby mode and turns on LED indicating 
current mode, and counts down binary counter every second to display 
mode elapsed time on a set of LEDS; stop mode is released by reset 
input and standby mode by timer interrupt. Controls and outputs 


pulses to the HA1835P through port Dg. 


Peripheral Devices 


SW3: Sets stop mode in low power dissipation mode. 
SW2: Sets standby mode in low power dissipation mode. 
SW4: Stops output of pulses to the HA1835P in fail safe mode and 


executes system run away. 


15.1.4 Circuit Diagram 





CU 
MCS 404C 


Teo eee) 
HMCS408C 


M 
H 


1S2076 


HD74HC14 praee 


8 
mm 1>° , 
kM 
HD 7406 SLEDS 6200, 
: — | >o 
Qh 


HD7406 LEDS 6200 


+5V 


sence ) : SLEDS 6200 


LED9 6200) 


HA 1885P : LED @209 


Ry CyGNDRe Cy 
ry 
200kQ 80 LED @20) 


mm 
kQ 
0.014F 710kQ : HD7406 LED 12 ga9¢ 
0 — | >o 


kQ 
5 22pF 
F 


Ct 4MH 





Fig. 15.1. Low Power Dissipation Mode and HA1835P Control 
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15.1.5 Pin Functions 


-HMCS404C pin functions, switches, LED names and HA1835P pin functions 


are shown in Table 15.1. 


Table 15.1. Pin Functions 


























Active 
Level | Pin Name 
Pin Name Input/ (High | SW. LED 
HMCS404C Output or Low) Function HA1835P 
Do Input High | Controls HA1835P SsWwl 
Sreci= Low power dissipation mode 
fies 
Low 
Dl Input High Standby mode SWw2 
D2 Input High — Stop mode | SW3 
D3 Input High Controls pulses for HA1835P Sw4 
Da Output High Drives LED indicating watchdog timer LED9 
mode control 
Drives LED indicating reset of 
D O E 
: BEPae, tage watchdog timer mode wage 
Dri 
D6 Suteuk: Tow rives LED during standby mode LED11 
execution 
D7 Output Low Drives LED during stop mode execution LED12 
‘Controls duty pulse for HA1835P 
D O oa ; CLK 
8 Se ae CLK pin 
ROO Output High Indicates standby mode execution time. LED1 
ROL Output High Drive LEDs indicating 8 bits binary LED2 
Se eo COUNLeE 
RQ2 Output High LED3 
RO3 Output High - LEDA 
R1LO Output High LED5 
R11 Output High LED6 
R12 Output High LED7 
R13 Output High LED8 
RESET Input Low Controls HA1835P SW5 
High Low power dissipation mode 
RESET | Input High Resets from stop mode. SW6 


Resets from HA1835P control 
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15.1.6 Hardware Operation 
1. Low power dissipation 
(a) Standby mode 


Timing chart in standby mode is shown in Fig. 15.2. 


Standby mode | | 


SW input 
Tl T2 Ti T2 Ti T2 T2 T1 
Standby mode 


Program execution 
Tl: Standby mode 
T2: Program execution 


| 
| | | 
| 
rt pot | 
Standby instruction | | 
| | 
| | ! 
| 


execution timing 


Timer interrupt 
timing 





Fig. 15.2. Timing Chart in Standby Mode 


(b) Stop mode 


Timing chart in stop mode is shown in Fig. 15.3. 


Stop mode 


Secs seoe MM _, Pec t (CUNT TUUNUUVRMVAAAUAEAEQAAHAESHTVOOAGUOQNOUHVOUAAOMEAAAOOOGUNA 
Internal clock SILAS 


RESET ————____________ 


tres 
Stop instruction More than stabilization time: tpc 
execution 





Fig. 15.3. Timing Chart in Stop Mode 
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2. HA1835P control 
Timing chart of pulse output and reset pin for watchdog timer 


is shown in Fig. 15.4. 


System run away 


HA1835P pin 


peers 
csaaamaaenn a = t wuemeeerie 


RESET 


| | 
pomp a |_| 


'130ms . 
Automatic reset signal 


Watchdog timer | | | 


Error output 
switch 





Fig. 15.4. Timing Chart of Pulse Output 
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15.2 SOFTWARE DESCRIPTION 


15.2.1 Program Module Configuration 


Program module configuration for switch board controlling of the 


HA1835P and low power dissipation mode is shown in Fig. 15.5. 


Main 
Program 


Low Power Control 
Dissipation HA1835P 





Fig. 15.5. Program Module Configuration 


15.2.2 Program Module Functions 


Program module functions are summarized in Table 15.2. 


Table 15.2. Program Module Functions 





No. Program Module Name Label Function 
' Demonstrates low power dissipation and 
Main Program LWPMN 
J HA1835P control 
Low Pow l ipa- 
1 3 er LWPMOD Tests operation of low power dissipa 
Dissipation tion mode 
h 
2 Control HA1835P LWPWCH Tests operation of watchdog timer 


using HA1835P 
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15.2.3 Program Module Process Flow (Main Program) 


The flowchart in Fig. 15.6. is an example of low power dissipation 


and HA1835P control performed by the program module in Fig. 15.6. 






Main Program 










seprey Sno an ey e | msciatice W register 


Select prescaler divide ratio as 
+ 2048 


—_-——-———- [creas interrupt mask 


ae | mani interrupt 


Test if low power dissipation mode 
operation or HA1835P control 


Do= 0 


LWPMOD | 


(Note) 


Test operation of low power dissipation 
Se es oa mode 





LWPMN 2 


LWPWCH 


__._ _ ___| Test operation of matchdog timer 
using HA1835P 


(Note) Actually loops within the 
module 


Timer A interrupt routine 


LWPCNT 


LWPCNT 


LED counter 


eee eee Count up at every 1 sec. interrupt 





Fig. 15.6. Program Module Sample Application | 
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15.3 PROGRAM MODULE DESCRIPTION 


Program Module Name: MCU: HMCS402C/ Label: LWPMOD 
Low Power Dissipation HMCS404C/HMCS408C 





Function: Tests operation of low power dissipation mode. 


Arguments: NONE Changes in CPU Specifications: 


Registers and Flags: lL word = 10 bits 


ROM (Words): 34 
RAM (Digits): 7 
Stack (Digits): 4 
No. of cycles: 
Reentrant: 
Relocatable: 


Interrupt OK?: 


Not Affected 


@ 
x ; Undefined 
t : Result 


Description: 


1. Function Details 
(1) LWPMCD has no arguments. 


(2) Executes standby mode, stop mode by switch control. Turns on LED 
indicating execution of standby mode. 


2. User Notes 
(1) Executes only one mode at a time. 
(2) Selects only one mode switch. 


Specifications Notes: "No. of cycles" in "Specification" represents the number of 


cycles required when data is not stored in SBRAM(RAM) and 
each mode is not executed. 
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Program Module Name: : HMCS402C/ Label: LWPMOD 


Low Power Dissipation _ HMCS404C/HMCS408C 










Description: 





(3) Initializes timer. 


3. RAM Allocation 


Fig. 15.7. RAM Allocation 


Label RAM Description 
b3 bo 
/, 
ERRAM1 Yy 
Lie 
MD ($03F) Stores data indicating whether 
operation starts after activating 
aE bO power on or returns from stop mode 
ERRAM2 Uy 
LL) 
MD($08E) 
b3 bO 
N 
CNTRL WW 
N 
MD($038C) 
Uses upper and lower counter for 
counting up every 1 sec. | 
b3 b0 
CNTRH 


= 
“UY 
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Program Module Name: 


MCU: HMCS402C/ Label: LWPMOD 


HMCS404C/HMCS408C 


Low Power Dissipation 





Description: 


4. Sample Application 


LAI $ 0 Store prescaler divide ratio 
as ani ee as + 2048 

REMD 3B, FOOL  — crscersseees Clear interrupt mask flag 
SEMD 0, $000 — sereeererers Enable interrupt 


} caus LWPMOD | eo Call LWPMOD 


5. Basic Operation 


(1) Enters stop mode by setting signal stop mode switch to high, returns 
with stop mode switch set to low and with RESET switch to on. 
Software checks whether operation starts after activating power on or 
returns from standby mode. 


When operation returns from stop mode, turns on LED; if not, stores 
comparison data in ERRAM(RAM). 


(2) Enters standby mode by setting signal standby mode switch to high, 
returns with standby mode switch set to low. 


Returns at every timer interrupt and executes interrupt routine. 

When standby mode switch is low, enters standby mode after interrupt. 
Whether or not operation is returned at every timer interruption can be 
confirmed by LED counter incremented after return. When setting standby 
mode switch to high, turns on LED indicating standby mode and executes 
standby instruction. When low, returns from standby mode and turns off 
LED indicating standby mode. 
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Program Module Name: 


MCU: HMCS402C/ Label: LWPMOD 
HMCS404C/HMCS408C | | 


Low Power Dissipation 





Flowchart: 


LWPMOD 
LWPMOD 


$5=ERRAM1 
$54 
=< BR 
S55 | Test whether operating starts 
ERRAM1 ——--} after activating power or returns 
from stop mode 
$C=ERRAM2 






; 


$C= 
ERRAM2 


Turn on LED indicating return 


from stop mode 
LWPMD1 


$5—-ERRAMI1 


$C>ERRAM2 


LWPMD2 CG 
2—0 


Store check data to test if returns 


1 > Dy rae 
is caused by stop mode 


Test whether operating enters 


stop mode 
Do=1 


LWPMD3 D 


STOP 


om | enter stop mode 
! 
! 


Stop mode is cancelled & 
by resetting the MCU 
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Program Module Name: 


Low Power Dissipation 


Flowchart: 





MCU: HMCS402C/ Label: LWPMOD 
HMCS404C/HMCS408C 





Test whether operating the standby mode 


Store lower digit data indicating LED 
counter in port RO and light LED 


Store upper digit data indicating LED 
counter in port R ] and light LED 


Turn off LED indicating stop mode 


Turn on LED indicating standby mode 


Enter standby mode 


Turn off LED indicating standby mode 
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MCU: HMCS402C/ 
-HMCS404C/HMCS408C 


Program Module Name: Label: LWPWCH 





Control HA1835P 





Function: Tests watchdog timer operation using HA1835P. 


Arguments: NONE Changes in CPU Specifications: 
Registers and Flags: 1 word = 10 bits 


ROM (Words): 35 
RAM (Digits): 3 
Stack (Digits): 4 
No. of cycles: 27 
Reentrant: 
Relocatable: 
Interrupt OK?: 


Not Affected 
Undefined 
Result 


Description: 


1. Function Details 


(1) LWPWCH has no arguments. © Output pulse 
from port Dg 


(2) Controls HA1835P under switch 


control. ON . 
Switch 4 | | 
(a) When switch 4 is OFF, outputs. OFF | 


pulses from port Dg. 


Fig. 15.8. Example of LWPWCH 


(b) When switch 4 is ON, stops Rea es 


outputting pulses causing system 
MCU run away. 


Specifications Notes: "No. of cycles" in "Specifications" represents the number of 
cycles required when data is stored in ERRAM(RAM) and an 
pulse generation is selected by switch. 
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Program Module Name: : HMCS402C/ Label: LWPWCH 
Control HA1835P HMCS404C/HMCS408C 





Description: 
2. User Notes 


Call LWPWCH after clearing RAM. 


3. RAM Allocation 





Fig. 15.9. RAM Allocation 


Label RAM Description 


ERRAM1 SS 
SN Store check data indicating whether 


operation starts after activating 
power on or returns from watchdog 
timer error 


ERRAM2 WW 


b3 bO 


D&8 FLAG set status of port Dg 


MD($0 ,$03D) 
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Program Module Name: 3 HMCS402C/ Label: LWwpPwCcH 
Control HA1835P ; HMCS404C/HMCS408C | 


Description: 


4. Sample Application 


| CALL LWPWCH | ear rate tenon Call LWPWCH 





5. Basic Operation 


(1) Turns on LED indicating watchdog timer mode, after main switch is 
activated. 


(2) When watchdog error switch is turned off, outputs pulse by 1 ms software 
timer. When turned on, stops pulse output and enter eternity loop. 


(3) When turning off watchdog timer error switch, re-calls program after 
reset. If data in ERRAM(RAM) and decision data are the same, turns on 


LED indicating reset by watchdog timer error. 


(4) Stores check data if it is not stored in ERRAM(RAM). 
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Program Module Name: 


Control HA1835P 





Flowchart: 


LWPWCH 


LWPWCH 


$C=ERRAMI1 


$C= 
ERRAM1 


$C 
ERRAM1 









$5=ERRAM2 


fi 


LWPWH1 


$C—>ERRAM1 
$5->ERRAM2 


5= 
ERRAM2 





Test if reset is performed by main 
—- | switch activation or by watchdog 


MCU: HMCS402C/ 


Label: LWPWCH 
HMCS404C/HMCS408C 


Turn on LED indicating watchdog 
timer mode 


timer according to contents of RAM 


Store check data in RAM to test 
resetting from watchdog timer error 


Turn on LED indicating reset after 
watchdog timer error 


Test whether watchdog timer error 
switch is on. 
If ON, pulse output cannot be performed 
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Program Module Name: a: MCU: HMCS402C/ Label: LWPWCH 
Control HA1835P HMCS404C/HMCS408C 











Flowchart: 
a | r . 
$F- Y 
LWPWH3 
-— Execute 1 ms software timer 
y=0 
Test D8FLAG 
-~-4+ Test port Dg status 
D8 FLAG=1 BR 
D8 FLAG=0 
1—~D8 FLAG] 
LWPWH5 --7 Output 1 ms pulse to HA1835P 
0-D8FLAG | | 
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15.4 SUBROUTINE DESCRIPTION 


Subroutine Name: LED Counter 


MCU: HMCS402C/ Label: LWPCNT 
HMC S404C/HMCS408C 


Function: Increments LED counter. 


BaSic Operation: (1) This subroutine is called for each 1 sec. timer interrupt. 





(2) Increments 1 byte counter each second. 


Program Module Using This Subroutine: None 


Flowchart: 





LWPCNT 


LWPCNT 
O>-IT FTA —-—--| Clear interrupt request flag 


AOMRC SF ) 


| save Accumulator 


CNIRL+A+CA~A | ————|] Increment lower digits 


A>CNTRL 


CNTRH+A+CASA | — —— 


by addition of lower digits 


A~CNTRH 





MRC $F)@A [—-—-—— Restore Accumulator 


: upper digits considering CA generated 
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15.5 PROGRAM LISTING 


ST-NO OBJECT ADRS SOURCE STATEMENTS 


00001 100 0000 LLEN 132 
aeace TITLE LOW POWER DISSIPATION MODE AND HA1835P CONTROL 
3 Bat * 

. 00004 KOKKOK RAM ALLOCATION OO OOOO ICO ORK IOROORIIOK FORO IOIOIOK OOK IOIOK KOKI OK 
0000S * 

00006 ERRAM1 EQU $3F WATCHDOG DATA RAM AREA 

00007 ERRAM2 EQU $3E 

00008 D8FLAG EQU $0,$03D D8 PORT FLAG 

00009 CNTRL EQU $3C LOWER 1S COUNTER 

00010 CNTRH EQU $38 UPPER 1S COUNTER 

00011 * 

00012 HORHOK SYMBOL DEFINITIONS SOOO OK OK OOOO IOI I OR IO KHOR IOI OIOIOOK OK KK 
00013 * 

00014 TMA EQU $008 TIMER MODE REGISTER A 

00015 TFTA EQL! 2500) If OF TIMER A 

00016 IMTA EQU 3,$001 IM OF TIMER A 

00017 I€ EQU 0.$000 ENABLE INTERRUPT 

00018 OICIOIOIOIOIOOIOIOIOI ORO ICIORIOIOR OOOO OOOO OR IO IGOR IOOIOK ROK FOR IOI IO IOIOK OK IOKOK FORK AOKI 
00019 * * 
00020 * VECTOR ADDRESSES x 
00021 * * 
00022 ROOICIOIOROOR OK OOOO OOOO OOOO IORI IORIOR OOK OR IOI IO IOR IO IOK IO IOI HOOK 
00023 * 

00024 ORG $0000 

00025 * 

00026 1S0 100 0000 JMPL LWPMN RESET 

00027 150 100 0002 JMPL LWPMN INTO 

00028 150 100 0004 JMPL LWPMN INT 
~ 00029 150 158 0006 JMPL LWPCNT TIMER-A 

00030 1S0 100 0008 JMPL LWPMN TIMER-B 

00031 000 000A NOP 

00032 000 0008 NOP 

00033 1S0 100 o00Cc JMPL LWPMN SERIAL 

00034 OOOO OR IOCIOROIOIO OO IO IOIOIOOOI OO IOI IOI OOOO TOR OK OK IO IOIOK KK KKK 
00035 * | ; * 
00036 »* MAIN PROGRAM : LWPMN * 
00038 OOO OOOO ORIG CIO IOORIOOR IORI OO IOCORICORIGIOOK IO IORI IOI OOK OR IOI IOOIOK I 
00039 Xk 

00040 ORG $0100 

00041 * 

00042 OFO 0100 LWPMN LWI $0 INITIALIZE. W REGISTER 

00043 1A0 008 0101 LMID 0.TMA SELECT PRESCALER AS 1/2048 

00044 18A 001 0103 REMD IFTA INITIALIZE IFTA 

00045 188 001 0105 REMD IMTA INITIALIZE IMTA 

00046 184 000 0107 SEMD IE ENABLE INTERRUPTS 

00047 2A0 0109 LWPMN1 TODO $0 TEST IF LOW POWER DISIIPATION MODE OR HA183SP MODE 
00048 30F 010A BR LWPMN2 

00049 160 137 0108 CALL LWPMOD EXECUTE LOW POWER MODE 

000S0 1S0 109 0100 JMPL LWPMN1 

00051 160 113 O10F LWPMN2 CALL LWPWCH EXECUTE HA183SP MODE 

00052 1S0 109 0Q111 JMPL ~  LWPMN1 

o000S3 OOOO OR IO IORIOOICIOROIOR OR IOORIOOIOIOOK I OIOROOIOROOOIOIOKR IOI ICICI OK IOI IOK HOOK 
00054 x * 
ooo0ss NAME : LWPWCH (CONTROL HA183SP) * 
00056 O * 
00057 OOOROOROIOR ORO ORIG IOI IOI OOOO OK OK IOI OOO IO IOOIOR IOIOK OI OIOK I IOK aK 
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00058 »* * 
00059 »*« ENTRY : NOTHING *K 
00060 * RETURNS : NOTHING * 
00061 * * 
00062 OOO OOIOICIOOR OOO OIOORIOOIIOIOIQOOI CORIO OOO OOIOK IORI OOK IOIOIO IO IO IO IO KOO IHOK OK 
00063 2E4 0113 LWPWCH SEDD $4 TURN ON LED FOR WATCH O00G 

00064 12C O3F 0114 INEMD $C,ERRAM1 POWER ON RESET OR WATCH DOG RESET? 
00065 31C 0116 BR LWPWH1 

00066 12S O03E 0117 INEMD $S,ERRAM2 

00067 31C 0119 BR LWPWH1 

00068 2ES 011A SEDD $5 TURN ON LED FOR WATCH DOG TIMER RESET 
00069 322 011B BR LWPWH2 

00070 1AC O3F O11C LWPWH1 LMIO $C. ERRAM1 LOAD DATA FOR POWER ON RESET 
00071 1AS O3E O11E LMID $5, ERRAM2 

00072 2ES 0120 SEOD $5 

00073 264 0121 REDD $4 

00074 2A3 0122 LWPWH2 TOD $3 

0007S 322 0123 BR LWPWH2 TEST IF WATCH DOG TIMER ERR OR SWITCH IS ON 
00076 265 0124 REDD $5 

00077 21F 012S LYT $F EXECUTE 1MS SOFTWARE TIMER 

00078 20F 0126 LWPWH3 LBI $F 

00079 OCF 0127 LWPWH4 0B 

00080 327 0128 BR LWPWH4 

00081 ODF 0129 DY 

00082 326 012A BR LWPWH3 

00083 18C 03D 0128 TMD D8FLAG READ 08 PORT CONDITION 

00084 332 0120 BR LWPWHS 

00085 2E8 012E SEDD $8 OUTPUT PULSE TO HA183SP EVERY 1MS 
00086 184 030 012F SEMD D8FLAG 

00087 335 0131 BR LWPWH6 

00088 268 0132 LWPWHS REDD $8 

00089 188 030 0133 REMD D8FLAG 

00090 150 122 0135 LWPWH6 JMPL LWPWH2 

00091 OOOO ORO ORO IOIOR OR IOIOOOORIOK CIO ICO IOIOI IO III OI IOR OR OR IOIOK FOR IOI I KOK IOHOK KK 
00092 * * 
00093 *« NAME : LWPMOD (LOW POWER DISSIPATION) * 
00094 *x * 
00095 OICIOI}IOOROOOOIORIOIOOOIOIOI OOO OOOIGOROOOI OOOO IORIOR IOIOR IO IOIOIOK HOOK IOICOIOK IC 
00096 * * 
00097 > ENTRY : NOTHING * 
00098 * RETURNS : NOTHING *« 
00099 * * 
00100 SROOICIOROR IOIIORO OOO ROOIOIOIOIIOIOIOIOOIOIOR IOI IO ICO IO IOIOR IOI IOIOI IO IOI IOIOIOK IOI OIOHOK 
00101 264 0137 LWPMOD REDD $4 

00102 125 Q3F 0138 INEMD $S,ERRAM1 POWER ON RESET OR STOP MODE RESET? 
00103 340 013A BR LWPMD1 

00104 12C O3E 0138 INEMD $C.ERRAM2 

0010S 340 0130 BR LWPMD 1 

00106 2E? 013E SEDO $7 TURN ON LED FOR STOP MODE RESET 
00107 344 013F BR LWPMD2 

00108 1AQS O3F 0140 LWPMD1 LMID $5,.ERRAM1 LOAD DATA FOR STOP MODE RESET 
00109 1AC O3E 0142 LMID $C. ERRAM2 

00110 2A2 0144 LWPMD2 TOD $2 TEST IF STOP MODE EXECUTION 
00111 347 0145 BR LWPMD3 

00112 348 0146 BR LWPMD4 

00113 140 0147 LWPMD3 STOP 

00114 2Al1 0148 LWPMD4 TOO $1 TEST IF STANDBY MODE EXECUTION 
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0011S 352 0149 BR LWPMDS 


00116 190 03C 014A LAMD CNTRL TURN ON LED 

00117 200 014C LRA $0 

00118 190 038 0140 LAMD CNTRH 

00119 2D1  O14F LRA $1 

00120 150 144 0150 JMPL LWPMD2 

00121 267 0152 LWPMODS REDD $7 TURN OFF LED FOR STOP MOQDE 

00122 2E6 0153 SEDD $6 TURN OFF LED FOR STAND BY MODE 
00123 14C 0154 SBY EXECUTE STANDBY MODE 

00124 266 0155S REDD $6 TURN OFF LED FOR STAND BY MODE 
00125 150 148 0156 JMPL LWPMD4 

00127 * * 
00128 * NAME : LWPCNT CINCREMENT COUNTER) *« 
00129 »* * 
00131 18A 001 0158 LWPCNT REMD IFTA CLEAR INTERRUPT REQUEST FLAG 
00132 2FF 015A XMRA $F SAVE ACCA 

00133 OEF 0158 SEC INCREMENT LSD OF COUNTER 

00134 250 01SC LAI $0 

00135 118 O03C 0150 AMCD CNTRL 

00136 194 03C O1SF LMAD CNTRL 

00137 230 0161 LAI $0 INCREMENT MSO OF COUNTER 

00138 118 03B 0162 AMCD CNTRH 

00139 194 038 0164 LMAD CNTRH 

00140 2FF 0166 XMRA $F RESTORE ACCA 

00141 011 0167 RTNI 

00142 * 

00143 END 
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INSTRUCTION SET 








a> b 
a<>b 
xX 
myn 
ligt 
LSB 
MSB 


I * Oe 5s 


DIRECT 
REGISTER 
I/E 

PC 

SP 

ST 

CA 


SPX 


SPY 


MR 


Symbols and Abbreviations 


Transfer from "a" to "b" 
Exchange between "'a'' and "b" 
Logical negation (NOT) 
"High" level 

"Low'' level 

Least Significant Bit 

Most Significant Bit 

None Zero 
No Borrow Status is set when NZ, NB, or OVF occurs 
Overflow 

AND 

OR 

Exclusive OR 

Not Equal 

Less than or Equal 

Addressing by the instruction operand in the ROM code 
Addressing by the contents of Address Register 
Interrupt enable flag 

Program counter 

Stack pointer 

Status flag 

Carry flag 

Accumulator 

B register 

W register 

X register 

SPX register 

Y register 

SPY register 

Memory (RAM) 

Memory register 

Data I/O pin or data register 


Discrete I/O pin or discrete latch. 
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Symbolic Operands Used with Instruction Set Mnemonics 


= a SA 


RAM digit selection by 2 bits O 

m RAM (Mr) digit and port selection O O O O 
by 4 bits 

Pp Replacement of contents of PC O O O O 
by 4 bits 

a Replacement of contents of PC O x O O 
by 6 bits 

b Replacement of contents of PC © x O O 
by 8 bits 

d Replacement of PC or RAM direct O x © O 


address by 10 bits 


i Immediate data by 4 bits (Note) O O O O 
u u =p+d (14 bits) O x O O 
D: Decimal HD: Hexadecimal B: Binary 
©....- Can be used x .... Cannot be used 


(Note) In case of LWI instruction, 2 bits. 
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Immediate Instruction 


OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS per a 


Load A from immediate P LANG i 10001 1 ig i2 is to 1/1 
Load B from Immediate 10000 0 is iz is io = 3—+— 1/1 


Load Memory from Immediate LMID id i i ae lo 2/2 
AE 


Load Memory from Immediate, Increment Y | LMIIY i imM,Y+1—-Y | NZ 1 


Register-to-Register Instruction 


RAM Address Instruction 


OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS ee 


Load W from Immediate CLL 1/1 


alee 


Exchange X and SPX.Y and SPY | XSPXY [0000000011 [x—SPXY—-SPY| [| 1/1 
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RAM Register Instruction : 


WORD 
OPERATION | MNEMONIC | OPERATION CODE FUNCTION STATUS pe 
CYCLE 

Load A from Memory LAM(XY) |00100100y x MA, (X""S8X) he cee oa 1/1 

0110010000 3 

Load A from Memory LAMD d ds ded de ds da ds do ds do | MA 2/2 

Load B from Memory LBM(XY) |00010000yx | M-B, (¥7gpy) Necsesce etl V1 

Load Memory from A LMA(XY) |00100101yx | AM, (FS) | | tt 

} 0110010100 = pr 

Load Memory from A ee eae ae PAM] 2/2 

Load Memory from A, Increment Y | LMAIY(X) [000101000x [A>M.Y+1—Yx-spm] NZ | 171 

Load Memory from A, Decrement Y | LMADY(X) |001101000x |A>M,Y-—1—Y%--sPx) | NB | V1 

Exchange Memory and A XMA(XY) [00100000 yx MA, (X-7$8%) eee 1/1 
O1T10000000 

Exchange Memoranda. | MAP ol wammemuseiie |. en, ofan ee 

Exchange Memory and B XMB(XY) 100110000y x M-B, (¥spy) V1 


Note) (XY) and (x) have the meaning as follows: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.) 


MNEMONIC FUNCTION 
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Arithmetic Instruction 





CYCLE 
Decrement 6 [os foorsooriii| e-1-8 | wa [17 
Decimal Adjust for Addition | DAA = f{oo010100110{, | | 1/1 
Decimal Adjust for Subtraction | DAS = ={0010101010} | | 1/1 
Rotate Right A with Carry | ROTR |o010100000{ #£| | 1/1 
Rotate Left A with Carry | ROTL = |0010100001} =| | 1/1 
Set Cary rsec_foorrrortts| inca —*+ 1 
Ad A to Memory Yi 
Add A 19 Memory PPE 39 1999 272 
Add A to Memory with Carry yar ove | 1/1 
Add A to Memary with Carry 9 1990 1088 roca | OVE | 272 
Subtract A from Memory with Carry 0010011000 mete ten 1/1 
Subtract A from Memory with Carry Md ode dsdedoch do esc. en 2/2 
AND Memory with A Tan [oo10011100[ AnMoa | ne [1/1 
OR Memory with A | ORM = ={0000001100} AUM—-A | Nz | 1/1 
OR Memory with A eS ek tedade ig | AUM=A | NZ | 272 
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Compare Instruction 




















immediate Not Equal to Memory PINEM i = =[OOO0O1D0isiziiio | i#M | NZ | 1/1 
immediate Not Equal to Memory | INEMD i, | oan s te F : lo | oi#M [NZ 2/2 
Immediate Less or Equal to Memory 00001 1 i312 11 to | oisM | NB | 1/1 
Immediate Less or Equal to Memory PEMD id [P4001 iho} ism | NB | 2/2. 
B Less or Equal to Memory BLEM |00110001700 BsM NB ivi 

! 


A Less or Equal to Immediate ALEl i 10101 17 3 i2 i: jo As 


RAM Bit Manipulation Instruction 


WOR 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION |STATUS ee . 

Set Memory Bit | SEMn = [0010000 1nino 1—M(n) el V1 
1 1 

Set Memory Bi sew nd [3450900 uae) 1mm | fa 

Reset Memory Bit | REMn | 00100010nmino| O—Min) wl 1/1 
. 0 1 1 O OQ @ 

Test Memory Bit 00100011tmnmof | Min) | 1/1 
| TTITOO0TT 

Test Memory Bit TMD nd de de d de-ds ded ies pn) 2/2 


ROM Address Instruction 


- JWORD 
OPERATION MNEMONIC | OPERATION CODE | FUNCTION | STATUS pm 
CYCLE 

Branch on Status 1 1 1 bybebsbabsb2b bo a ee V1 

Long Branch on Status por ieeee a 

Long Jump Unconditionaly | wwPLw |O4GLGUmEeE! | —~«dt a 

Subroutine Jump on Status 1 011 1 asa4a3a2a1a0 ne io ae 1/2 
p 

Long Subroutine Jump on Status 1 CALL u 9. Ao . ME ahaa ne cr ae 2/2 

Table Branch TBR p |00101 1 papapipo aa aaa V1 

Return from Subroutine 0000010000 a a 1/3 

1—VE 
Return from Interrupt RTNI 0000010001 CA ee 173 


Input/Output Instruction 


Set Discrete !/O Latch Direct | SEDD m {1.01.1 1.0 mamamimo{ 1--Dim) | | 1/1 
Reset Discrete 1/O Latch Direct | REDD m [1001 1.0 mamamimo| O-Dim | | 1/1 
Test Discrete 1/0 Latch Direct | TDD =m ]10101 0 mammm} | Dim | 1/1 
Load A from R-Port Register Rim)--A 4 1/1 
Load R-Port Register from A 1011.0 1 mamamimo | ASRim) | /1 


338 HITACHI 


Control Instruction 


WORD 
OPERATION MNEMONIC | OPERATION CODE FUNCTION STATUS ici 


Stand-by Mode SBY 0101001100 ia V1 


Stop Mode STOP 0101001101 lea coal 1 


Op-Code Map 


3) 


fo] @| >] e| =| s/ e/a] >| o| x] =o 8 


Cc XMB(XY 


— 


LW i(2) 


fh RMON 
LADY) 
fu) ae 
| Lwii(2) | 





Cc}. 1-word/2-cycle Cc). 1-word/3-cycle ... RAM Direct Address ... 2-word/2-cycle 
Instruction Instruction CJ Instruction = Instruction 
(2-word/2-cycie) 





HITACHI 339 





NOTES 


. g4gnecec 





NOTES 


NOTES 


342 











NOTES 


343 





NOTES 


— B44 


NOTES 


345 











HITACHI AMERICA, LTD. 
SEMICONDUCTOR AND IC DIVISION 


HEADQUARTERS 


Hitachi, Ltd. 

New Marunouchi Bidg., 5-1, 

Marunouchi 1-chome_. 

Chiyoda-ku, Tokyo 100, Japan 

Tel: Tokyo (03) 212-1111 | 

Telex: J22395, J22432, J24491, 
J26375 (HITACHY) 

Cable: HITACHY TOKYO 


REGIONAL OFFICES 


MID-ATLANTIC REGION 


Hitachi America, Ltd. 
1700 Galloping Hill Rd. 
Kenilworth, NJ 07033 
201/245-6400 


NORTHEAST REGION 


Hitachi America, Ltd. 

5 Burlington Woods Drive 
Burlington, MA 01803 
617/229-2150 


SOUTH CENTRAL REGION 


Hitachi America, Ltd. 

Two Lincoln Centre, Suite 865 
5420 LBJ Freeway 

Dallas, TX 75240 
214/991-4510 


NORTH CENTRAL REGION 


Hitachi America, Ltd. 
500 Park Blvd., Suite 415 
Itasca, IL 60143 
312/773-4864 


NORTHWEST REGION 


Hitachi America, Ltd. 
2210 O’ Toole Avenue 
San Jose, CA 95131 
408/435-2200 


SOUTHWEST REGION 


Hitachi America, Ltd. 

18300 Von Karman Avenue, Suite 730 
Irvine, CA 92715 

714/553-8500 


SOUTHEAST REGION 


Hitachi America, Ltd. 

4901 N.W. 17th Way, Suite 302 
Fort Lauderdale, FL 33309 
305/491-6154 


346 


U.S. SALES OFFICE 


Hitachi America, Ltd. 
Semiconductor and IC Division 
2210 O’ Toole Avenue 

San Jose, CA 95131 

Tel: 408-435-8300 

Telex: 17-1581 

Twx: 910-338-2103 

Fax: 408-435-2748 

Fax: 408-435-2749 

Fax: 408-435-2782 


DISTRICT OFFICES 


e Hitachi America, Ltd. 
3800 W. 80th Street, Suite 1050 
Bloomington, MN 55431 
612/896-3444 


e Hitachi America, Ltd. | 
80 Washington St., Suite 302 
Poughkeepsie, NY 12601 
914/485-3400 


e Hitachi America, Ltd. 
6 Parklane Blvd., #558 
Dearborn, Ml 48126 
313/271-4410 


e Hitachi America, Ltd. 
6161 Savoy Dr., Suite 850 
Houston, TX 77036 
713/974-0534 


e Hitachi (Canadian) Ltd. 
2625 Queensview Dr. 
Ottawa, Ontario, Canada K2A 3Y4 
613/596-2777 


e Hitachi America, Ltd. 
401 Harrison Oaks Blivd., Suite #317 
Cary, NC 27513 
919/481-3908 








© HITACHI’ 


Wi Maale! <-Bialiale hw ele)s)/ @) (=) 


Hitachi America, Ltd. 

semiconductor and IC Division 

2210 O'Toole Avenue, San Jose, CA 95131 
1-408-435-8300 








40M Printed in U.S.A 








